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1.Introduction

The United States Environmental Protection Agetd$EPA) Region IX is establishing Total Maximum
Daily Loads (TMDLs) for Malibu Creek and Lagoonthe Los Angeles Region (Figure 1-1). USEPA
was assisted in this effort by the Los Angeles W@taality Control Board (Regional Board). A vayie
of water quality impairments have been identifiedhe watershed. This report specifically addreske
impaired benthic biota in the Malibu Creek maimstnd Malibu Lagoon, while discussing conditions
throughout the watershed that may impact theseirmpats. The remainder of this section preserds th
regulatory background, a description of the elemefi TMDL, and a brief discussion of the physical

setting.
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Figure 1-1. Malibu Creek Watershed

1.1 REGULATORY BACKGROUND

Section 303(d) of the Clean Water Act (CWA) regsitieat each State “shall identify those waters iwith
its boundaries for which the effluent limitatione anot stringent enough to implement any waterityual
objective applicable to such waters.” The CWA akguires states to establish a priority ranking fo
waters on the 303(d) list of impaired waters andtdish Total Maximum Daily Loads (TMDLs) for such

waters.
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The elements of a TMDL are described in 40 Codeeaferal Regulations (CFR) 130.2 and 130.7 and
Section 303(d) of the CWA, as well as in the Unig&dtes Environmental Protection Agency (USEPA)
Region IX's Guidance for Developing TMDLs in Califta (USEPA, 2000). A TMDL is defined as the
“sum of the individual waste load allocations faint sources and load allocations for nonpoint sesir
and natural background” (40 CFR 130.2) such tlat#pacity of the waterbody to assimilate pollutant
loads (the loading capacity) is not exceeded. ADINE also required to account for seasonal vamesti
and include a margin of safety to address unceytairthe analysis (CWA 303(d)(1)(C) (USEPA, 2000).

States must develop water quality management pdeinsplement the TMDL (40 CFR 130.6). USEPA
has oversight authority for the 303(d) programianequired to review and either approve or disap@r
the TMDLs submitted by states. In California, State Water Resources Control Board (SWRCB) and
the nine Regional Water Quality Control Boards (Baal Boards) are responsible for preparing ligts o
impaired waterbodies under the 303(d) program angreparing TMDLSs, both subject to USEPA
approval. If USEPA disapproves a TMDL submittedabstate, or if a state does not develop a TMDL in
a timely manner, USEPA is required to establistMDL for that waterbody. The Regional Boards hold
regulatory authority for many of the instrumentediso implement the TMDLs, such as National
Pollutant Discharge Elimination System (NPDES) pesrand state-specified Waste Discharge
Requirements (WDRS).

As part of its 1996 and 1998 regional water qualitgessments, the Los Angeles RWQCB (LARWQCB)
identified over 700 waterbody-pollutant combination the Los Angeles Region where TMDLs would
be required (LARWQCB, 1996, 1998). These are refeto as “listed” or “303(d) listed” waterbodiess o
waterbody segments. A 13-year schedule for dewadap of TMDLs in the Los Angeles Region was
established in a consent decree approved betweERA&Nd several environmental groups on March
22,1999 (Heal the Bay Inc. et al. v. Browner etiap8-4825 SBA). Under the consent decree, USEPA
must establish these TMDLs by March 24, 2013. tRempurpose of scheduling TMDL development, the
consent decree combined the more than 700 wateyboltiant combinations into 92 TMDL analytical
units.

1.2 ELEMENTS OF A TMDL

Guidance from USEPA (1991) identifies several elemef a TMDL. Sections 2 through 10 of this
document are organized such that each sectionilgesctata and background information (Sections 4, 6
7, and 8) or one of the TMDL elements, including &malysis and findings of these TMDLs for that
element. Additionally, implementation and monitgrirecommendations are provided in Section 11.
TMDL sections are as follows:

e Section 2: Problem Statement. Presents the data used to add the waterbody 8081d) list, and
summarizes existing conditions using that evidextoag with any new information acquired since
the listing. This element identifies portions bé twaterbody that fail to support all designated
beneficial uses; the criteria designed to protease beneficial uses (collectively, the benefiakds
and water quality objectives are the water qualiandards [WQS]); and, in summary, the evidence
supporting the decision to list, such as the nuraberseverity of impact observed.

e Section 3: Numeric Targets. Sets numeric targets based upon the numeric aratinarwater
guality objectives described in the Los AngelesiBeVater Quality Control Plan (Basin Plan) and
the existing USEPA established 2003 Nutrient TMDBLMalibu Creek Watershed.

» Section 5: Source Assessment. Describes and identifies the potential point sosisxed nonpoint
sources of sediment and impact to Malibu Creeklagbon.

» Section 9: Linkage Analysis. Provides an analysis of the relationship betweeincges and the water
guality impairment. This TMDL completed a detailgcessor identification or causal assessment to
comprehensively evaluate the critical stressorsinguhe impairment. The linkage analysis




Malibu Creek & Lagoon TMDL December 2012

addresses the critical conditions, loading, ancenquality parameters. Allocations are designed to
protect the waterbody from conditions that excéedapplicable numeric target. The allocations are
based on critical conditions to ensure protectibihe waterbody under all conditions.

e Section 10: TMDLs and Pollutant Allocations. Identifies the quantitative load, concentrationdahs
allocations and in this case, the necessary nurbiiagical response numeric targets that nedxto
achieved to ensure protection of the identifiedelieral uses in Malibu Creek and Lagoon.

» Section 11: Implementation. Not considered a required element of a TMDL esshiglil by USEPA,
this section contains recommendations to the &at@rding implementation and monitoring for this
TMDL.

1.3 PHYSICAL SETTING

The Malibu Creek watershed, located about 35 milest of Los Angeles, California, drains and area of
109 square miles (Figure 1-1). The watershed dstéom the Santa Monica Mountains and adjacent
Simi Hills to the Pacific Coast of Santa Monica BayMalibu State Beach (formerly Surfrider Beach).
Malibu Lagoon, currently about 31 acres in sizeupies the area behind the beach at the mouth of
Malibu Creek. The entire watershed lies within éle¥ sub-ecoregion 6 (Southern and Central Caidorn
Chapparal) within aggregate nutrient ecoregion@&rigiWest; USEPA, 2000c).

1.3.1 Malibu Creek and Tributaries

The Malibu Creek watershed includes the cities gbuxa Hills, Westlake Village, Calabasas, Thousand
Oaks, Hidden Hills, and a portion of Malibu and Eifalley and has a total population of nearly
100,000. Nearly two-thirds of the watershed is @s [Angeles County, while the remaining portiomis i
Ventura County. Historically, there is little floy the summer months; much of the natural flow that
does occur in the summer in the upper tributardeses from springs and seepage areas.

Malibu Creek has several major tributaries andttegyghese make up the Malibu Creek watershed.
These tributaries include streams draining to L8kerwood, which discharges to Potrero Creek. This
creek then reaches Westlake Lake and flow movesidoinfo Creek to its confluence with Lobo
Canyon Creek, which becomes Malibu Creek. MedealCieas Virgenes Creek, and Cold Creek are
other major tributaries. Medea Creek and MalibueRrerm Malibou Lake. Further downstream Las
Virgenes Creek joins Malibu Creek at Malibu Cree¢&t& Park. Eventually the creek empties into the 13
acre Malibu Lagoon (see Section 1.3.2 for moreildata the Lagoon). The major tributaries of Medea
and Las Virgenes Creeks are described below alathgwialibou Lake, which is a major impoundment
in the watershed.

Medea Creek has a total length of 7.56 miles. Les®din the Medea Creek subwatershed contains a mix
of open space area and residential and commegaal Llower Lindero Creek eventually flows to Medea

Creek. Medea Creek also receives drainage frosubeatersheds associated with Palo Comado Creek
and Cheseboro Creek and eventually drains intoldallake.

Malibou Lake receives the drainage from most ofsiliewatersheds in the upper portion of the
watershed. The lake has a drainage area of 64esqnies which represents almost 60% of the entire
watershed. Water flows from Triunfo and Medea Criei the 69-acre lake. The lake was constructed in
1922 for swimming, boating and fishing by memberd guests of the Malibou Lake Mountain Club,

Ltd. Malibou Lake has mud bottom that is dredge@a@ontinual basis because of sediment loadings
from upstream sources. The outflow from the lalszkiarges into Malibu Creek.

Malibu Creek also receives flow from Las VirgenaséXk. Las Virgenes Creek is an eleven mile creek
with a 12,456-acre drainage area. Land cover idiseVirgenes Creek subwatershed is predominantly
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open, with some residential and commercial/indabklaind. Malibu Creek is a 10-mile creek that runs
from Malibou Lake to Malibu Lagoon (see Section.2)3The predominant land cover in the Malibu
Creek subwatershed is open. The Tapia Water Retitamfgacility (Tapia WRF) is located in this
subwatershed and contributes significant flow @& winter months.

About 50 square miles of the watershed (nearlydfatfie total area) is parkland or conserved |&aime

of the protected areas include Peter Strauss R@t&seboro Canyon, Cold Creek Canyon Preserve,
Tapia Park, and Malibu Creek and Lagoon State Paithes watershed contains a wide variety of diverse
habitats including coastal strand, oak and ripaniaadlands, chaparral, coastal sage scrub, native
grasslands, sulfur springs, and brackish water dagth is home to several threatened, endangered, o
endemic plants and animals. These include the souiteelhead trout, tidewater goby, Californiansro
pelican, California least tern, red-legged frogy Earnando Valley spineflower, Malibu baccharig] an
the arroyo chub, an endemic minnow, which is af@alia species of special concern.

1.3.2 Malibu Lagoon

Malibu Lagoonis located in the City of Malibu, LAsigeles County at the mouth of Malibu Creek. The
wetland acreage includes 2/3 mile of the creekidoireast of the Pacific Coast Highway and the avet|
habitat acreage is approximately 92 acres. Therhisvetland size has been documented and estimate
to be several times its present size; the wetlaabextended through the Civic Center area to the
Pepperdine University property. Malibu Lagoonusreunded by a chaparral ecosystem and experiences
Mediterranean-type climate with mild, wet winterglehot, dry summers. Annual precipitation ranges
from an average of 13.2 in falling over the coast 25.4 in falling over the mountains.

Early historical accounts of the Chumash Indiar® warrived into the Malibu area more than 20,000
years ago, and ship activities, suggest the Lagemained open through the summer. Prior to 1900's,
the Lagoon was described as having been relatpridtine, until the construction of the Rindge n=ald
line in 1908 that resulted in filling in portion$ the Lagoon. In 1929, Caltrans used the site disnaping
ground during the construction of the Pacific Cddishway. Road construction in and around the
Lagoon continued throughout the years, includiliondg additional areas of the Lagoon to construct
baseball fields and parking for beach access (Asgheb al. 1995). The Lagoon is bounded by theipubl
beaches onthe south side, the Malibu Colony rasialedevelopment and a golf course on the we#, sid
the Pacific Coast Highway and expanding commedgaklopment on the north side, and the historical
Adams House Museum in the eastern adjacent arba Cdlifornia Department of Parks and Recreation
(CDPR) currently has land management and ownerskjnsibility of the Malibu Lagoon and adjacent
lands.

Malibu Lagoon is a valuable coastal wetland, prmgatritical habitat for the federally endangered
tidewater goby and southern steelhead trout, afidease number of shorebirds; the Lagoon is acetiti
stop over on the Pacific Flyway for migratory bif@hifting Baseline, 2011; Jones & Stokes, 2006;
Moffatt & Nichol, 2005).

Malibu Lagoon has undergone major changes in rdgstury due to major road construction, nearby
development and upstream anthropogenic activifiesgs & Stokes, 2006; Moffatt & Nichol, 2005).
Since 1929, Malibu Lagoon had been used as a ditenfosfill material by Cal Trans during the
construction of the Pacific Coast Highway (PCH)y tBe late 1970's the site was completely filled an
housed two baseball fields (Jones & Stokes, 20a6fd#t & Nichol, 2005). The impact from the
previous construction activities led to loss ofivespecies, increasing urban runoff, and excessive
nutrient inputs.

In 1983, the California Department of Parks andr&aiion (DPR) restored Malibu Lagoon by creating
three channels and re-vegetating with native satsmplants (Jones & Stokes, 2006; Moffatt & Ni¢chol
2005). Malibu Lagoon underwent a restoration wihietuded the removal of construction rubble,
excavation of buried fill to create channels, taseasing the main Lagoon depth, and plantingatiza
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vegetation. Then, in 1996, the California Departtad i ransportation (DOT) implemented restoration
actions to mitigate the Malibu Lagoon/PCH bridgplaeement; this restoration effort was mainly
focused on the enhancement of tidewater goby ¢fiseies) habitat, re-vegetation of native species (
California bunchgrasses) and removing non-natiset@pecies (i.e., Myoporum, black mustard, and
hottentot fig) from the LagoonThe Parks and Recreation Department has mainttieecsite as a
wildlife habitat since the first restoration effordditional restoration efforts included the réroduction
of the endangered tidewater goby, additional extavaf tidal channels to improve tidal circulation
creation of islands and areas for to support baditedewater goby habitat (Trim 1994). Malibu Lago
is home to many endangered and threatened speeaesling the California brown pelican, California
least tern, double-crested cormorant, Californih geestern snowy plover, elegant tern, tidewatsinyg
and the steelhead trout. In spite of these effamscontinual development activities adjacent and
upstream of the Lagoon continue to impact the egicdt viability and health of the benthic community
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2.Problem Statement

This section describes the beneficial uses identiin the Water Quality Control Plan (Basin Plam) a

discusses the applicable water quality objectieegéch beneficial use. It also includes infoiarato
describe the basis for each listing.

2.1 WATER QUALITY STANDARDS

California state water quality standards includéheffollowing elements: 1) beneficial uses, 2yative
and/or numeric water quality objectives (WQOs) ancheric water quality criteria, and 3) an
antidegradation policy. In California, beneficises are defined by the Regional Boards in thenBasi
Plans. Numeric and narrative objectives are sipecifh each region’s Basin Plan, designed to be
protective of the beneficial uses.

2.1.1 Beneficial Uses

The Los Angeles Region Basin Plan lists the beiagfises of Malibu Creek and Lagoon and major
tributaries, which determine the applicable watgalty criteria (Los Angeles Board, 1995).

Table 2-1 summarizes the beneficial uses desigriatédalibu Creek and Lagoon and tributaries. &hes
waterbodies are designated to provide municipatmsipply, water recreation, ecological habitasuse
and the support of rare, threatened, or endangpetes.

Table 2-1.  Beneficial Uses for Malibu Creek, Lagoon and Major Tributaries (Los Angeles Board,
1995)
Las Upper Lower
Malibu Malibu Virgenes Medea Medea
Waterbody Creek Lagoon Creek Creek Creek
Municipal and Domestic Supply (MUN) p* p* p* I*
Agricultural Supply (AGR)
Industrial Process Supply (PROC)
Industrial Service Supply (IND)
Groundwater Recharge (GWR) |
Freshwater Replenishment (FRSH)
Navigation (NAV) E
Hydropower Generation (POW)
Contact W ater Recreation (REC1) E E Em Im Em
Non-contact W ater Recreation (REC2) E E E | E
Aquaculture (AQUA)
Warm Freshwater Habitat (WARM) E E | E
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Las Upper Lower
Malibu Malibu Virgenes Medea Medea
Waterbody Creek Lagoon Creek Creek Creek
Cold Freshwater Habitat (COLD) E P P
Inland Saline W ater Habitat (SAL)_
Estuarine Habitat (EST) E
Marine Habitat (MAR) E
Wildlife Habitat (WILD) E E E E E
Preservation of Biological Habitats of
Special Significance (BIOL)
Rare, Threatened, or Endangered E Ee E E
Species (RARE)
Migration of Aquatic Organisms (MIGR) E Ef P
Spawning, Reproduction, and/or Early E Ef P
Development (SPWN)
Shellfish Harvesting (SHELL)
Wetland Habitat (WET) E E E E E

Notes:

P  Potential beneficial use.

E Existing beneficial use.

| Intermittent beneficial use.

Ee One or more rare species utilize all ocean, bays, estuaries, lagoons and coastal wetlands for foraging and/or
nesting.

Ef Aquatic organisms utilize all bays, estuaries, lagoons and coastal wetlands, to a certain extent, for spawning and
early development. This may include migration into areas which are heavily influenced by freshwater inputs.

*  Beneficial use designated under SB 88-63 and RB 89-03. Some designations may be considered for exemptions
ata later date.

m  Access prohibited by Los Angeles County DPW in the concrete-channelized areas.

The WARM and COLD aquatic life uses are most rateva this TMDL. The WARM use is specifically
defined as “Uses of water that support warm watesgstems including, but not limited to, prese nsati
or enhancement of aguatic habitats, vegetatiol, diswildlife, including invertebrates.” The COLBe
is defined as “Uses of water that support cold mat@systems including, but not limited to, preséion
or enhancement of aquatic habitats, vegetatiom, diswildlife, including invertebrates” (Los Angssl
Board, 1995).

2.1.2 Water Quality Objectives

Water quality objectives for the Malibu Creek watexd have been established at the federal, state, a
regional levels. These objectives support aquddidly addressing toxicity, nutrients, dissolveggan,
algae, sediment, and other related constituentged@ves are primarily based on the Californiai€ox
Rule (CTR) (40 CFR 131 — 65FR 31682, May 18, 2@01) the Los Angeles Basin Plan (Los Angeles
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Board, 1995). The Los Angeles Basin Plan defimggative and numeric WQOs to protect beneficial
uses of water and prevent nuisances within a dpeada.

The SWRCB is inthe process of developing bioldgixectives (bio-objectives) for California’s
freshwater streams and rivers and expects to @addeptew objectives in spring of 2014 (see
http://www. waterboards.ca.gov/plans_policies/biaall objective.shtmfor detailed information on the
process and status). Bio-objectives will provideai@ve or numeric benchmarks to protect aqualic i
beneficial uses and will include comparisons tenefice sites. Several Advisory Groups have been
developed to facilitate this process.

Giventhat the statewide bio-objectives are noffipetized, the applicable narrative objectives for
aquatic life within Malibu Creek include those thaliate to toxicity, eutrophication, dissolved oeng
and sediment and include the following:

» Bioaccumulation: The Basin Plan states that “toxic pollutants shatlbe present at levels that
will accumulate in aquatic life to levels which d&rmful to aquatic life or human health.”

» Biochemical Oxygen Demand (BOD): The Basin Plan states that “waters shall be ffee o
substances that result in increases in the BODhaiversely affect beneficial uses.”

* Sediment: The Basin Plan narrative sediment criteria wetel#ished to prevent impacts to
spawning habitat, benthic organisms, and larvaldis well as other impacts. The Basin Plan
states that “waters shall not contain suspendedtteable material in concentrations that cause
nuisance or adversely affect beneficial uses.”

 Temperature: The Basin Plan states that ‘the natural receiwater temperature of all regional
waters shall not be altered unless it can be detmadad to the satisfaction of the Regional Board
that such alteration in temperature does not adheedfect beneficial uses.” The Basin Plan also
specifies numeric criteria as noted in Table 2-2.

e Turbidity: The Basin Plan states that “watersheds shall leeofrehanges in turbidity that cause
nuisance or adversely affect beneficial use” and apecifies numeric criteria as noted in
Table 2-2.

e Toxicity: The Basin Plan states that “all waters shall bintaiged free of toxic substances in
concentrations that are toxic to, or that produsteichental physiological response in human,
plant, animal, or aquatic life.”

The numeric criteria most applicable to the pratecof aquatic life in the Malibu Creek watershed a
presented in Table 2-2, along with the nitrateeigém criterion that is most relevant to drinkingeva
uses. Ammonia objectives are defined as a functigaid and temperature and metals objectives are
defined as a function of hardness. The equatised to calculate these objectives are explaineabire
detail below. Numeric criteria for other toxingawutlined in the CTRO CFR 131.38 (USEPA, 2000a).

Prior to the establishment of the 2003 Malibu Créédtershed Nutrient TMDL, the only numeric
nutrient criterion specified for the waters of MaliCreek Watershed, other than the ammonia linai w
the human health-based criterion of 10 mg/L farané nitrogen. The 2003 USEPA-established TMDL
set nutrient criteria for “total” nitrogen (speed as the sum of nitrate plus nitrite nitrogen) totdl
phosphorus based on best available informatiomeatiine (USEPA, 2003). These are also presented in
Table 2-2. Since 2003, a significant amount ofitémithl data and analyses have been completed.
California is closer to establishing statewide apph for setting nutrient criteria based on theridat
Numeric Endpoint (NNE). A specific NNE technicaladiment is currently being completed for Malibu
Creek Watershed. Based on this draft NNE docusatific for Malibu Creek Watershed and other
additional monitoring in Malibu Creek and Lagoomere is strong evidence that the nutrient limitsuddh
be revisited. These values are discussed in thesmcitargets section along with the proposed new
numeric targets (Section 3).
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Table 2-2.  Selected Numeric Water Quality Criteria  Applicable to the Malibu Creek Watershed
(Los Angeles Board, 1995)
Constituent WQO Notes
Ammonia 30-day average and one-hour acute objectives See Equation 2-1 through Equation

expressed as functions of temperature and pH; four-day
maximum average concentrations shall not exceed
2.5 times the 30-day average objective.

2-4

Nitrate-Nitrogen | 10 mg/L Specific objective for the Malibu
Creek watershed
Dissolved For WARM: Mean annual concentration > 7 mg/L; Obijectives differ by beneficial use for
Oxygen instantaneous > 5 mg/L; as a result of waste discharges: | waters receiving waste discharges
>5 mg/L
For COLD: > 6 mg/L
For COLD and SPWN: > 7 mg/L
pH As aresult of waste discharges: between 6.5 and 8.5, Obijective defined for waters
and no change > 0.5 units from natural conditions receiving waste discharges
Temperature For WARM: no change > 5 degrees F above natural Obijectives differ by beneficial use;

temperature and < or equal to 80 degrees F at all imes;

For COLD: no change >5 degrees F above natural
temperature

for Malibu Lagoon, stricter
regulations may be induced for
individual dischargers under the CA
Thermal Plan (SWRCB, 1972)

Total Dissolved
Solids

2,000 mg/L

Specific objective for the Malibu
Creek watershed

Turbidity Natural turbidity O to 50 NTU: increases shall not exceed
20 percent
Natural turbidity >50 NTU: increases shall not exceed 10
percent
Chlorophyll-a 150 mg/L for streams and Lagoon Consistent with USEPA, 2003
Algae cover 30% Floating algae Consistent with USEPA, 2003
60% Bottom algae
Nitrate plus 1.0 mg/L summer (April 15 —November 15) Consistent with USEPA, 2003

Nitrite Nitrogen

8.0 mg/L winter (November 16- April 14)

Total
Phosphorus

0.1 mg/L summer (April 15 —Nowvember 15) only

Consistent with USEPA, 2003

The Basin Plan expresses ammonia targets as @&ofmétpH and temperature because un-ionized
ammonia (NH) is toxic to fish and other aquatic life. In orde assess compliance with the standard,

pH, temperature, and ammonia must be determinge: atame time. The toxicity of ammonia increases

with increasing pH and temperature; therefore, amantargets depend on the site specific pH and
temperature as well as the presence or absencelplite stages (ELS) of aquatic life.
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A December 2005 Amendment to the Basin Plan assthae&LS are present in any waterbody
designated as COLD (Los Angeles Board, 2005a). 3Dheday average target concentrations (criterion
continuous concentration (CCC)) of ammonia for waddies with ELS absent and present can be
calculated using Equation 2-1 and Equation 2-eetvely. The four-day maximum average
concentration shall not exceed 2.5 times the 30adayage objective, while the one-hour acute level,
with ELS absent and present, can be calculatedBqttation 2-3 and Equation 2-4, respectively
(USEPA, 1999).

Equation 2-1. 30-day Average Total Ammonia Concentr  ation for Waterbodies with ELS Absent

: _ 0.0577 2487 _ _
30-day Average Concentration (mg/L)(l_l_ 107 + T 10pH_7688j (14571 0 %028(25-MAX(T 7))

Equation 2-2. 30-day Average Total Ammonia Concentr  ation for Waterbodies with ELS Present

. 0.0577 2487
30-day Average Concentration (mg/ L{1+10768HH T+ 1P 7558

) [MIN  285145010%2%5 7))

Equation 2-3. Acute Criteria for Total Ammonia-Nitr ~ ogen for Waterbodies with ELS Absent
(USEPA, 1999)

AcuteLimit (mg/L):[ 041 )Jr[ 584 )

1+ 10.7204—pH 1+ lopH— 7204

Equation 2-4. Acute Criteria for Total Ammonia-Nitr  ogen for Waterbodies with ELS Present
(USEPA, 1999)

o 0267 390
AcuteLimit (mg/L) = [1+107204—pH )+(1+10pH—7204)

2.1.3 Antidegradation

State Board Resolution 68-16, “Statement of Palith Respect to Maintaining High Quality Water in
California,” known as the “Antidegradation Policytotects surface and ground waters from
degradation. Any actions that can adversely affexter quality in all surface and ground waterstrbes
consistent with the maximum benefit to the peoplthe state, must not unreasonably affect pregedt a
anticipated beneficial use of such water, and mostesult in water quality less than that presatim
water quality plans and policies. Furthermore, actjons that can adversely affect surface waters a
also subject to the federal Antidegradation Po{#y CFR 131.12). The proposed TMDLs will not
degrade water quality, and will in fact improve araquality as they will lead to meeting the watealdity
standards.

2.2 BASIS OF LISTING IN MALIBU CREEK WATERSHED

Use assessments of Malibu Creek and Lagoon hanéfidd a wide range of water quality impairments.
The 2002 Section 303(d) (Los Angeles Board, 20i82pf impaired waters identifies Malibu Creek as
impaired by total selenium, total aluminum, nititérogen, and sedimentation, while Malibu Lagoon
was listed as impaired by sedimentation. An ealiiéing for coliform bacteria had been recently
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removed after completion of a TMDL. The 2008 (lsds Angeles Board, 2008) shows Malibu Creek as
impaired by poor benthic macroinvertebrate bioagsesits, excess coliform bacteria, fish barriesh(fi
passage), invasive species, nutrients (algae),/fmamm (unnatural), sedimentation/siltation, selemiu
sulfates, and trash. The 2008 list also indicHitasMalibu Lagoon is impaired for benthic commuinit
effects, coliform bacteria, eutrophic conditionsimming restrictions, viruses (enteric), and pH.

A number of these identified impairments have badaressed through TMDLs:

» Acoliform bacteria TMDL for Malibu Creek was appen by USEPA on 1/1/2002 (USEPA,
2002).

* A nutrient/eutrophication TMDL for both the creefidalagoon was approved by USEPA on
3/21/2003. Allocations are based on loading targéfi mg/L total nitrogen and 0.1 mg/L total
phosphorus (USEPA, 2002).

» Acoliform bacteria TMDL for Malibu Lagoon was apmed on 1/1/05.

* Swimming restrictions and enteric viruses in thgden are addressed in a TMDL approved
1/10/06.

» Atrash TMDL for the creek and Lagoon (although thgoon was not listed for trash) was
approved on 6/26/2009.

This study addresses some, but not all, of theirengaimpairments in the main stem of Malibu Creek
and Malibu Lagoon for which TMDLs have not been pteted, in accordance with the Consent Decree
inthe case Heal the Bay, Inc. and Santa Monick&ayer, Inc. vs. USEPA in US District Court for the
Northern District of California. The 8/16/2010 &tlation to Modify Amended Consent Decree in this
case discusses three “pairings of Water QualityiteitnSegments (WQLSs) and pollutants” for which
TMDLs will be completed for Malibu Creek (WBID CAR42100019990201132825, which is the main
stem from the Lagoon up to Malibou Lake) and Malitagoon by 3/24/2013:

1. Malibu Creek benthic-macroinvertebrate bioassestamen
2. Malibu Creek sedimentation/siltation
3. Malibu Lagoon benthic community effects

The stipulation removes from the Consent Decreedtgirement to complete sedimentation TMDLs for
Malibu Creek tributaries Medea Creek, Las Virge@Gesek, and Lindero Creek.

The 2002 303(d) Fact Sheet discusses sedimentationpaired, stating that “Malibu Creek Watershed,
including Malibu Creek, Las Virgenes Creek, Triufceek, and Medea Creek, is proposed to be listed i
the 2002 305(b) water quality assessment as “BarBapporting (Impaired)” due to excessive
sedimentation. Regional Board staff and James afrikbton, Staff Environmental Scientist of
California Department of Fish and Game, evaluabediaita and concluded that the Malibu Creek
watershed, with the exception of Cold Creek, isaimgrl by sedimentation based on both the biological
assessment of the macroinvertebrate stream commassemblage and the physical habitat data.
Harrington states, ‘All of the monitoring sites it the Malibu Creek watershed (except for the uppe
reaches of Cold Creek) show typical signs of edodgmpairment due primarily to sediment (and
nutrient enrichment)...and low physical habitat ssaeflect the influence of heavy sediments in qaysi
reduced habitat availability and reduced habitaligufor macroinvertebrates... It is my opinion that
Malibu Creek is impaired by excessive sedimentatjbatter from Harrington to the Regional Board
dated December 6, 2001).

The 2008 integrated report for the Los Angeles &egtates “The water quality chemistry and
bioassessment data provide a substantial basibehgtic macroinvertebrate populations are impalted
a wide range of anthropogenic stressors.” Thertdpmanm the 2005 Malibu Creek Bioassessment
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Monitoring Program (Aquatic Bioassay, 2005) examia@ht sites in the Malibu Creek watershed,
providing both Index of Biotic Integrity (IBI) anphysical habitat scores (including substrate coriyle
embeddedness, consolidation, and percent finam)r df the eight sites (including Malibu Creek abov
the Lagoon — the only station on the main stemutet! in that survey) showed physical habitat as
optimal or suboptimal and, for these four sitegigssors other than habitat conditions may have ateg
these sites.” There are many other potential sanfthe poor IBl scores (including excess nutgent
metals, organics, and exotic species).

Basis of the 303(d) listing for benthic community impacts in Malibu L agoon
Malibu Lagoon was originally included in the 19€8ihg for benthic community effects impairment.

According to California State Water Resources Bphod Angeles Region (Personal Comm. LB Nye,
August 9, 2012), the basis of the impairment Igtior be nthic community impacts in Malibu Lagoon
was due to one of the few documented survey ob¢mehic community, in Chapter 6 of “Enhanced
Environmental Monitoring Program at Malibu Lagoonavalibu Creek” (Ambrose et al., 1995). This
discussion provides a summary of the benthic ieedte results and analyses provided in the reghert;
sampling method and other details are not providekis TMDL, and instead further interest shoudd b
directed to the Chapter 6 of the report itself.

A total of three different invertebrate groups wsoeveyed in the 1993-1994 sampling effort, inahgdi
zooplankton (small floating species in the waterfguna (species living in the Lagoon sediment)] an
large invertebrates (e.g., shrimp, crabs). A totdl7 benthic invertebrate taxa were collectedlutiing

the mud-flat crab, the introduced oriental shritap polychaete families and other crustacean and
bivalve taxa. The most abundant zooplankton taxene the copepods; other common taxa included
ostracods, nauplii, polychaetes, trochophores, riears, and nematodes. According to Ambrose et al
(1995), the distribution and abundance of thesatifig species in the water column was influenced by
the transitory and shallow environment of Malibugban. Copepods, ostracods and benthic invertebrate
larvae were the most common zooplankton speciespakl be expected in shallow Lagoon waters.

Infauna inhabiting the sediments of coastal lagagpEally includes clams, shrimp, crustaceans,mgr
among others. Benthic infauna is a highly divegsmip with hundreds of species. A typical southern
California coastal Lagoon with appropriate tidasthing should support between 100-200 infaunal
species (Zedler et al., 1992; Peterson, 1977%.oihtrast, coastal lagoons without tidal flushing sée
significantly reduced species richness (Nordby@adin, 1988). The only bivalve crustacean colldcte
was the California jackknife clariiagelus californianusa total of 352 live clams were collected. The
polychaetePolydora nuchalisvas also collected. Approximately 99% of the cdamere collected at the
tidal creek site (S-6B), which had finer sedimehg&n other sites sampled in the Lagoon. At sandier
substrates, the clams were not collected or hadrfdiwiduals (n=3 at 3 sites), suggesting that gand
substrates were not suitable habitat for jackkelden burrows. There was some indication that peak
abundances of the clams coincided with summer hineg@vents and the first significant precipitation
event in 1993. Mud crab burrows and mud crabs wbserved in the Lagoon, specifically at trap
stations with the steepest banks. The exotic atndduced oriental shrimp was first collected atiMa
Lagoon in September 1987 during a fish survey iigtam, 1989). During the 1993-1994 sampling
period, a total of 1,125 oriental shrimp were cxitel across all sampling periods and sites; therihaj
of the shrimp were collected furthest from the rhanftthe Lagoon. The study stated that one major
contributing factor to the high shrimp abundandaseoved was due to the presence of construction
debris, which likely provided habitat shelter fbetinvertebrates.

The observations and results of the 1993-1994 sagieffort for benthic invertebrates suggest that
Malibu Lagoon ranks “poorly at this trophic leveh&n compared to less disturbed southern California
estuaries” (Ambrose et al., 1995).
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In 2010, supporting information for the 2010 inegd report against delisting this listing for Mal
Lagoon stated that readily available data and métion, and weight of evidence, conclude there is
“sufficient justification against removing this eatse gment-pollutant combination from the section
303(d) list.” This conclusion is based on thefdiaflings that:

1. The Malibu Lagoon Restoration Feasibility StudyaFiAlternatives Analysis describes
restoration measures for Malibu Lagoon. Thesegm®g restoration efforts, if fully
implemented, are anticipated to correct the comastiwhich allow the negative indicator species
to thrive.

2. The Regional Board “decided against moving the tie tommunity effects listing in Malibu
Lagoon from the TMDL required portion of the 303lid} to the being addressed by action other
than TMDL portion of the 303(d) list.” The sourckimpairment is indicated as
hydromodification.

2.3 IMPAIRMENT CONCLUSIONS

Many different datasets were evaluated to chalaetand confirm impairments. These data include

water quality, biological, and habitat data. Det@dianalyses are presented in Sections 7 and 8. The
remainder of this section summarizes these findamgshow they relate to the impairment assessments.

Water quality data were analyzed. Exceedancesafigsolved oxygen criteria were observed at
monitoring stations on Malibu Creek (12.2% exceeddrequency at station MC1 and 11.7%
exceedance frequency at MC-12 [Table 7-2]). Tutpidalues were generally low (most samples were
assumed to be collected during dry weather); howekey were about an order of magnitude above the
reference sites (Section 7.4.2). In addition USEBKected wet-weather turbidity data on Malibu €ke
(Section 7.4.3). This study found that for averggpical ranges of flows in the Creek, there isoady
relationship between turbidity and suspended solidsannual load was estimated and it was an afler
magnitude greater than the estimated load from miasssion station F-130, likely due to the partelyl
greater flow events observed in the sampling pe2@tl-2012, but suggesting that large sedimensload

can be transported downstream of Malibu Creek durears with more frequent and larger magnitude
storm events.

Nutrient concentrations exceed targets establightte Malibu Creek nutrient TMDL (USEPA, 2003) at
station MC-1, especially for nitrate-N and orthogploate-P (Table 7-7) during both winter and summer
periods (Section 7.5). Sampling by other groups#oious nutrient species provides similar insights
addition, Heal the Bay has collected algal covedeaga for 2005-2010. These data indicate that e m
algae cover is above the 2003 nutrient TMDL thrédhad the temporal trend does not show any decline
over time (see Section 8.3). In Malibu Lagoon, ated concentrations for the biologically-available
nutrients such as Nitrogen Oxide (NOx), and Ammon{iNH,) were observed (Moffatt &Nichol, 2005;
2NDNATURE, 2010) along with the presence of exaesalgae leading to anoxic conditions (Section
8.2).

The biological data are presented several waystfeams and the estuary (Section 8. In freshwater,
summary of Heal the Bay Southern California Benthdex of Biotic Integrity (SC-IBI) results for the
main stem of Malibu Creek shows that 41 of 44 semf®3 percent) are rated as either poor or vewy po
onthe SC-IBl scale (Section, 8.1.3, Table 8-2, Rigaire 8-2). Results for several tributaries (Mede
Creek, Triunfo Creek, and Las Virgenes Creek) vadse mostly poor or very poor; however, other
tributaries showed much better results (Table &8Eable 8-4). Samples collected by LVMWD showed
similar results on the main stem and on Las Virgebeeek (Table 8-6) and SC-IBI results based on
USEPA sampling were also low. When consideringadlilable SC-IBI scores, the lowest median scores




Malibu Creek & Lagoon TMDL December 2012

are found in the main stem and in the lower postioftributaries Triunfo Creek, Medea Creek, ansl La
Virgenes Creek (Figure 8-2).

As an additional line of evidence, the O/E raticcvaéso calculated, where O is the number of taxa
observed in a sample and E is the expected nunfitexa (see Section 8.1.4). The O/E scores, whieh a
the site specific percent of taxa expected in tieeace of disturbance, varied by site location wfiiime
scoring close to reference expectation (approxipat®.8) and others scoring close to zero. In galne
O/E scores were weakly correlated with SC-IBI sspmhich explained about 35-37% of the variability
based on either a linear or polynomial fit (Fig8ré).

Benthic results were compared with various watedityindicators to identify any correlations. Oaby
stations with low median IBI scores are also thatadons that are downstream of significant amoafts
urban development (Figure 8-10). It was also foulnadl nitrate-N concentrations are elevated atsisti
downstream of high levels of development (Secti@h), further supported by the findings that median
IBI scores are better than poor only at statiorth average nitrate-N concentrations less than 1. mg/
(which is the target specified in the nutrient TMdEigure 8-11) (note: the relationships with O/&rev
less conclusive). The benthic results were alsopesed with percent imperviousness, demonstrating a
strong negative correlation between the bioscaresparcent upstream impervious area (Figure 8-il6 an
Figure 8-17). Overall, the analyses suggest thp¢fousness and urban development are significant
indicators of biological condition in the Malibu €éxk Watershed.

While there is no metric for comparison, benthicromvertebrate data in Malibu Lagoon were also
summarized. USEPA collected data during winter 28d@ spring 2011 that showed less than 20 total
taxa, which still indicates an impaired system, Bfadibu Lagoon Restoration Monitoring in 2006-2007
showed similar results (Section 8.2). This is veellow a threshold of 40 taxa for a healthy comnyuoft
benthic invertebrates (Section 3.2).

Comprehensive evaluation of the available dataicanmpairments for benthic macroinvertebrates and
benthic community effects in Malibu Creek and Malitagoon, respectively. The sedimentation listing
in Malibu Creek is confirmed by both the turbiddgta analyses in which results were an order of
magnitude above reference sites as well as thelatdd 38 percent change in sedimentation rate from
natural conditions (Section 10.2.2). Multiple st@S were evaluated related to these impairmehts. T
key stressors impacting the biota (both directlgt Bndirectly) are sedimentation and nutrient loaglias
summarized in Section 9. In addition, nutrienadadm the last 10 years suggest that the nutrient
concentration numeric limits from the 2003 TMDL ana quite stringent enough to attain beneficiasus
and that new targets should be set year-roundezheced to address the benthic-macroinvertebrate and
benthic community effects impairments in Malibu €keand Lagoon, respectively.

29
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3.Numeric Targets

Numeric targets represent quantitative vales gsilt in attainment of the water quality standafice
USEPA's assessment of the all available data amtiest demonstrate that the impairment is a re$ult o
multiple interacting stressors, this TMDL identHfienultiple numeric targets for the most significant
pollutants. The targets are assigned based onnmespargets and comparisons with natural conditions
which are specific measures directly associated thi¢ biotic impairment and sedimentation thatloan
measured and assessed (e.g., SC-IBI).

The key stressors impacting the biota (both diyeatid indirectly) are sedimentation and nutrient
loading, as summarized in Section 9. Excessivadeaf sedimentation cause suboptimal habitat ased
also associated with the movement of sediment-&#sdcnutrients and toxics. Excess nutrient logdin
causes overgrowth of algae including the developmiemacro-algal mats, which also directly impdie t
habitat available for benthic macroinvertebratelsijenindirectly contributing to exceedances of D@la
pH criteria. Numeric targets associated with tresessors are presented below for Malibu Creek and
Lagoon, while the analyses supporting the selectfdhese targets are documented in Sections dghro
10 (as well as several associated appendices).

Prior to the establishment of the 2003 Malibu Crééktershed Nutrient TMDL, numeric nutrient criteria
did not exist for the waters of Malibu Creek Wakexd. The 2003 USEPA-established TMDL set
nutrient criteria for total nitrogen (nitrate-nt&) and total phosphorus based on best availatdeniation

at the time. These are presented in Table 2-2ce2003, a significant amount of additional dad a
analyses have been completed. California is closestablishing statewide approach for settingett
criteria based on the Nutrient Numeric Endpoint &YNA specific NNE technical document is currently
being completed for Malibu Creek Watershed. Basethis draft NNE document specific for Malibu
Creek Watershed and other additional monitoriniglatibu Creek and Lagoon, there is strong evidence
that the nutrient limits should be revisited.

3.1 MALIBU CREEK AND TRIBUTARIES NUMERIC TARGETS

Numeric targets for Malibu Creek and its majorutdries were identified from several sources. These
include the Basin Plan, the 2003 nutrient TMDL (WB2& 2003), NNE Analyses (Appendix F), and
additional data analyses (Sections 7 and 8) andiscessed below in the context of this TMDL.

In the 2003 TMDL, USEPA utilized the reference whtely approach to develop numeric targets for
impaired streams and lakes within the Malibu wdtedsbased on USEPA guidance (USEPA, 2000a;
2000b; 2003). For streams, the reference appioaoclves using relatively undisturbed stream segmen
to serve as examples of background nutrient cormtionts (USEPA, 2000a). The 2003 TMDL evaluated
data from three locations upstream of the Tapititnent plant with long-term data sets (Upper Malibu
Creek (R9), Middle Malibu Creek (R1) and Lower Nsgenes Creek (R6)). The concentrations for
both nitrogen and phosphorus at the Upper Malilre€and Middle Malibu Creek stations were much
lower than at the Las Virgenes Creek station. Bata stations R9 and R1 were believed to be more
appropriate for setting target values using theregfce approach. Based on data from these stattiens
proposed targets in the 2003 Nutrient TMDL wererigll for total nitrogen and 0.1 mg/l as a target f
total phosphorus for the summer period (USEPA, 2003

In this TMDL addressing sedimentation and bentbimmunity impairments, USEPA believes data from
the last 10 years suggest that the nutrient corateatt numeric limits from the 2003 TMDL are nofitgu
stringent enough to attain beneficial uses andriénat targets should be set year-round and reduced.
Specifically, Heal the Bay has collected algal cage data for 2005-2010. These data indicate lieat t
mat algae cover is above the 2003 nutrient TMDEghold and the temporal trend does not show any
decline over time (see Section 8.3). In additioanitoring stations on Malibu Creek demonstrate
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excursions of the summer and winter nutrient tarfreim the 2003 nutrient TMDL (see Section 7.5).
These analyses support the conclusion that additimuirient concentration targets are needed.

To identify new nutrient targets, two methods wevaluated: the NNE Analyses and a reference-based
approach. The California NNE approach is a riskebdagpproach, with ultimate focus on supporting
designated uses (Appendix F). The analysis for bsdam and lake sites suggest that the TMDL @iter
(USEPA Region IX, 2003) for the Malibu Creek waked of 1 mg/L nitrate plus nitrite N and 0.1 mg/L
total phosphorus (from April 15 to November 15) nmay be adequate to support uses. An applicafion o
this tool using site-specific data yields a medidhconcentration of 0.24 mg/L for Malibu Creek wih
corresponding TP goal of 0.0033 mg/L for the sumpeziod; however, the method estimates that
impairment can be addressed by meeting eitherkherTTP target. As an alternative approach, when
evaluating data at the potential reference sitest{@ 7.5.4), the available data suggest thatraktu
reference conditions in the Malibu watershed caagygoximated as having a central tendency for the
summer period of around 0.7 mg/L total N and 0.gfLmotal P outside the Modelo formation, and
around 1.3 mg/L total N and 0.6 mg/L total P witthie Modelo formation.

In summary, the numeric targets for this TMDL thpply to Malibu Creek and tributaries are as fodow

e SC-IBI: The SC-IBIl scores at stations MC-1, MC-12, an@-i/6 should obtain a median value of
40 or better, consistent with at least a “Fair’kiag (Ode et al., 2005). Scores less than 40trasal
determination of impairment, and a score of 40 aéguarates the impacted sites on the Malibu Creek
main stem from the reference sites (see SectiaR)8.The evaluation should be based on a median
over a minimum of 4 years to account for significgear-to-year variability in individual
measurements.

» SC-O/E: The O/E scores provide a second line of evidéo@®mplement the IBl. O/E should equal
at least the fbpercentile of the model reference distributiommifar to the SC-1BI, the evaluation
should be based on a median over a minimum ofyfears to account for year-to-year variability.

* Benthic Community Diversity: Based on the benthic metrics, an additional tanges established
related to species diversity. Specifically, a dieeand rich population of multiple benthic
macroinvertebrate species should be observed ilbM@&lreek and the tributaries feeding into the
main stem.

» Benthic Algal Coverage: Algal coverage targets were established in thERKS(2003) nutrient
TMDL based on Biggs (2000) recommendations of: meenthan 30 percent cover for filamentous
(floating) algae greater than 2 cm in length andnage than 60 percent cover for bottom algae
greater than 0.3 cm thick. Ongoing studies by S&PV8uggest these targets should be protective of
goals established in the draft CA NNE frameworlhe NNE framework suggests that, for support of
the COLD beneficial use, maximum benthic chloropbydensity should be constrained to be less
than 150 mg/fmand ideally less than 100 md treferred to as the BURC Il/1ll and BURC /I
boundaries).

» Dissolved Oxygen: Consistent with the 2003 Nutrient TMDL, the tarfyigr the mean annual
dissolved oxygen concentration is 7 mg/L for alteva in the Malibu watershed. The Basin Plan
standard for waters designated as WARM is thatimglesdetermination be below 5.0 mg/l as a result
of waste discharges. This target applies to miisttaries, including Lower Medea Creek. A more
restrictive target of 7 mg/L is required for Lasrd@nes Creek, Upper Medea Creek, and Malibu
Creek to protect existing and potential uses aasetiwith cold-water fisheries and spawning.
Recognizing that diel fluctuations in DO are a malt@ccurrence, we propose that 7.0 mg/L
minimum for waters with uses associated with codderfisheries and spawning (Las Virgenes
Creek, Upper Medea Creek, and Malibu Creek) bepriééed as an average daily value.
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» Natural Sedimentation Rate: In the absence of an appropriate reference sit@atershed, a
reasonable sedimentation rate to protect the hefitie Malibu Creek watershed is determined by
evaluating the natural capacity of flow to moveiseht in the Malibu Creek Watershed. Analyses
estimated that a 38 percent reduction in chanmihr@mt transport is required to achieve natural
loading rates (Section 10.2). The reduction gaallze converted to a load basis by examining
sediment transport at the LACDPW F-130 mass enmissitation (see Section 10.2.2).

* Nutrient Concentrations: Based on the analyses described above, nutaiegets in Malibu Lagoon
were established for several specific parametessdan the reference system approach: total
nitrogen (organic plus inorganic nitrogen) targaes 0.6 mg/L in the summer and 1.0 mg/L in the
winter; and total phosphorous targets are 0.1 rgthe Creek, major tributaries and in the Lagoon
throughout the year.

3.2 MALIBU LAGOON NUMERIC TARGETS

Several sources were also used to identify nunt@miets for Malibu Lagoon, including the Basin Rlan
the 2003 nutrient TMDL (USEPA, 2003), and additloshata analyses (Sections 7 and 8). These sources
are discussed below including how they apply te TiIDL.

In the 2003 TMDL, nutrient targets for the Lagooarerderived from the USEPA/NOAA guidance for
estuaries (NOAA/EPA, 1988). The targets are 1.4l fagnitrogen and 0.1 mg/l phosphorus for the
summer period. We used the high-end range foett@kies because of the uncertainty regarding which
factors are limiting algal abundances. For congoarjaverage Lagoon values during the summer were
1.39 mg/l for nitrogen and 0.49 mg/l (Ambrose et 2000). The average winter concentrations measur
by Ambrose et al. were 4.0 mg/l for nitrogen ar@B0mg/l for phosphorus.

The average winter concentrations described idthbrose et al. (2000) report reflect concentratiois
an already impaired Lagoon; this observation isliigpted by data collected since 2000. Conseqyentl
this TMDL reduces the numeric target limits sethi@ 2003 nutrient TMDL Specifically, total nitroge
(organic plus inorganic nitrogen) targets are Ogblnin the summer and 1.0 mg/L in the winter, aotalt
phosphorous targets are 0.1 mg/L (apply year-round)

Malibu Lagoon currently shows elevated concentretifor the biologically-available nutrients such as
Nitrogen Oxide (NOx), and Ammonium (NHMoffatt &Nichol, 2005; 2NDNATURE, 2010). The
presence of excessive algae lead to greater cotisumap the available dissolved oxygen during
decomposition, and thus lead to anoxic conditibas impact the survival of the flora and faunahia t
Lagoon (Section 8.2). In addition, USEPA colleatiada during winter 2010 and spring 2011 that showed
less than 20 total taxa, which still indicatesmpaired system, and Malibu Lagoon Restoration
Monitoring in 2006-2007 showed similar results ({88t8.2).

Because baseline data for Malibu Lagoon (priohtodignificant impacts in the Lagoon) were not
available and reference site data from anothela@imeéasonally tidal coastal Lagoon were also not
available, this TMDL based its determination onlblst available information and the strong conolusi
that we should expect to see greater species aaditiness from a healthy benthic community in
Malibu Lagoon. Consequently, based on our revi€etloer coastal estuaries, we should expect tasee
doubling of the species and taxa richness withanayear time frame. Our best example and most
comparable coastal estuary in size and physica\ehis Los Pefiasquitos Lagoonin San Diego
County. The best indication of the expected irgda benthic infaunal richness was the observeal da
before and after extended mouth closure due to@mibenic activities. Los Pefiasquitos Lagoon saw
approximately three-fold increase of taxa richr&éssm around 11 to 34). Similarly, San Dieguito,
although a much larger estuary, saw a six-folddase in taxa richness after more natural tidahiffhugs
actions were implemented (from 7 to 42). In BatogiLagoon, a ten year monitoring period following
the restoration of the tidal flushing resulted ieajer benthic infauna abundance and diversity kiMe&
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Associates 2009). In addition, they found thatléter post-restoration monitoring years, less aami
organisms were observed more regularly, but inlsnoathbers.

The average taxa richness observed during the siamepling periods in Malibu Lagoon over a 15 year
time span (1995-2010) was 16 taxa. During the 12086/07 and 2010/11 sampling periods, the average
taxa richness observed was 17, 13.5, and 18.%ategly. For this TMDL, the numeric target and
benthic invertebrate taxa richness goal is sebatl3SEPA believes this is a reasonable targethior
rationale provided above, and because this refteetsecently restored restoration of Malibu Lagoon
summer 2012. This Lagoon restoration was compsdhencost approximately $7M, and was designed
to increase tidal flushing to all zones of the Laigaremove the excessively anoxic sediment, pdatilgu

in the back sloughs of the Lagoon. These actibosld provide the best foundation for building and
restoring the benthic community in the Malibu Lagod&s such, based on our knowledge of coastal
estuaries in general, the long-term impaired céowtitin the Lagoon observed in the last 20 years, a
doubling of the benthic infaunal taxa richnesscisievable and should provide for improvement and
protection of the beneficial use. This is compbeab the approach taken in the Chesapeake Bay T8MDL
addressing benthic community impairments due tdenttand sedimentation unbalance.

In summary, the numeric targets for this TMDL thpply to the Malibu Lagoon are as follows:

» Benthic Community Diversity: Achieve a goal of increasing species richneddalibu Lagoon with
multiple functional groups. USEPA believes thatskeyting a target of species richness of 35in 15
years will lead to a healthy community of benthieertebrates.

» Dissolved Oxygen: Consistent with the 2003 Nutrient TMDL, the tarfygr the mean annual
dissolved oxygen concentration is 7 mg/l for alteva in the Malibu watershed, including Malibu
Lagoon. A more restrictive target is required foalMu Lagoon to protect existing and potential uses
associated with cold-water fisheries and spawriiig. Basin Plan standard for waters designated as
WARM is that no single determination be below 5.@1Iras a result of waste discharges.
Recognizing that diel fluctuations in DO are a maltoccurrence, we propose that 7.0 mg/l minimum
for waters with uses associated with cold watéwfiges and spawning be interpreted as an average
daily value.

» Nutrient Concentrations: Based on the analyses described above, nutaiegets were established
for several specific parameters in Malibu Lagootaltnitrogen (organic plus inorganic nitrogen)
targets are 0.6 mg/L summer and 1.0 mg/L winted,tatal phosphorous targets are 0.1 mg/L (apply
year-round).
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4.Geographic Information and Analysis

Geographic analyses provide a foundation to ingtgleita analyses and to represent sources and
conditions in the watershed. This section presemetgieographic data evaluated (see also Appendix A)
and associated characterization of the Malibu Creatkrshed. Appendix B provides additional
background on watershed characterization.

4.1 INVENTORY OF SPATIAL DATA

Spatial data for the Malibu Creek watershed regiere obtained from several different sources. In
many cases, the original source data were modifiesbecific applications to the Malibu Creek
watershed. For example, the Southern Californgo8ition of Governments (SCAG) land use and land
cover data from 1990, 2005, and 2008 were clippalld watershed boundaries and simplified through
aggregation of the numerous SCAG classes into bradekcriptions. Some spatial data were availiable
tabular format (e.g., latitude and longitude) amerttransformed into Geographic Information System
(GIS) spatial coverages. Appendix A includes thscdption of the different spatial datasets aséeanb

to support subsequent work within the watershed.

4.2 JURISDICTIONS

Seven municipalities have jurisdictional boundavigin the Malibu Creek watershed (Figure 4-1).
Five of the municipalities are within Los Angelé#\j County and two are within Ventura County.
Westlake Village and Agoura Hills jurisdictionakas (both in LA County) are found exclusively withi
the watershed. The majority of the watershed fside of existing incorporated municipal jurisdictal
boundaries. As of 2010, all areas within the vwgtted are covered by municipal stormwater permits fo
LA and Ventura counties, except for state roadschwvlire covered by Caltrans’ permit (see Section
5.1.2).
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Figure 4-1.  Municipal Jurisdiction Boundaries withi n the Malibu Creek Watershed

4.3 TOPOGRAPHY

Located in the Peninsular Range physiographic poayithe Malibu Creek watershed is bordered by the
Santa Monica Mountain range to the west and Siiifs kti the north. As shown in Figure 4-2, most of
the headwater areas are located in Ventura Counttyreny of these areas drain to lakes before
converging to form Malibu Creek in the lower waterd. Elevations in the watershed range from sea
level at the Malibu Lagoon and Santa Monica Bagver 900 meters (2,953 feet) inthe Santa Monica
Mountains and Simi Hills. The watershed elevatiod topography shown in Figure 4-2 is based ona
10-meter Digital Elevation Model (DEM) obtained findUnited States Department of Agriculture
(USDA).
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Malibu Lagoon occupies a small prism at the comftieeof Malibu Creek with the Pacific Ocean at
Malibu Beach (Figure 4-3). Like most southern fatia estuaries, Malibu Lagoon is open to the acea
on an intermittent basis, with mouth closures auedastwise sand transport. The image from October
2011 shows a small outflow occurring at the eastechof the beach. The morphology of the current
Lagoon is constrained by the Pacific Coast Highvtls Malibu Civic Center, and areas of fill (incing

a golf course) between the Pacific Coast Highwad/the beach.
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Figure 4-3. Malibu Lagoon in October 2011

4.4 GEOLOGY AND SOILS

Malibu Creek flows from and through the Santa Marfitountains, a region of active deformation and
topographical change. The dynamic nature of #nsl$cape plays an important role in shaping
conditions in the stream and Lagoon — and includgsrally enhanced rates of erosion and sediment
delivery.

Meigs et al. (1999) estimated that uplift rategt@nsouth flank of the Santa Monica Mountains were
approximately 0.5 millimeters per year (mm/yr), ksherosion, represented in normalized form as
denudation rate, was also on the order of 0.5 mmiis results in sediment yields that are notibea
greater than yields from surrounding portions afteern California. Warrick and Mertes (2009)
examined the issue in detail for the Western Trarss/Range (Santa Clara, Ventura, and Santa Ynez
Mountain drainages), and found that areas withdsgsediment yields consistently have weakly
consolidated bedrock (Quaternary-Ploicene marinedtions) and are associated with the highest rates
of tectonic uplift. These areas generated sediyielits on the order of 5,000 tons per square |diigm

per year (tkrffyr), but yields from other portions of the rangiéhaut Quaternary-Pliocene marine
formations were still on the order of 1,000 tAyn Geology in the basin in the Santa Monica Mains

is mostly non-marine in nature, but does includaesareas of Eocene and Cretaceous marine sediments.

Significant exposures of Triassic age marine sedisare found in the area immediately north ofltbié
Freeway where the Monterey formation (known locallythe Modelo formation; Figure 4-4) is present at
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the surface. The Monterey/Modelo formation israpadrtant source of petroleum. Information from Las
Virgenes Municipal Water District (LVMWD) (2011) ggests that the source of very high levels of
sulfate, phosphate, metals, and total dissolvadss@d due to drainage originating from the Modelo
formation (the report also indicates that other ddize marine formations may also contribute to eézl/a
solute levels). USEPA reviewed the submitted dadaducted additional evaluation of the information
and examined multiple maps describing the Modetmétion north of Liberty Canyon Creek and the
portions near Malibou Lake.
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Figure 4-4.

Source: California

Soils in the watershed generally reflect the undegl glacial geology derived from sandstone, sharde,
metavolcanic parent material. Soil data was obthirom the National Resource Conservation Service’
(NRCS) Sail Survey Geographic (SSURGO) and StateeuGeographic (STATSGO) (for a portion
missing SSURGO coverage in northwest LA Countyaldases. The watershed consists primarily of
shallow soils with slow infiltration rates (Group Bn hillsides and mountains with slopes of 30-75
percent and fine-grained soils derived from masiegiments in the flatter central part of the wdteds
(Group C).

The Hydrologic Soil Group (HSG) classification isreans for grouping soils by similar infiltrationdca
runoff characteristics during periods of prolongestting. Typically, clay soils that are poorly ohed
have lower infiltration rates, while well-drainedrgly soils have the greatest infiltration ratete Foil
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Conservation Service (SCS, 1986) has defined f@&Gdategories for soils as listed in Table 4-1e Th
distribution of HSGs in the watershed is 56 per¢Brit 24 percent “C,” 7 percent “B,” a fraction af
percent of “A” near the watershed outlet (11 acras)l 13 percent described as “Water or Rock” (féigu
4-5).

Table 4-1.  SCS Hydrologic Soil Groups

Hydrologic Soil Group Description

A Soils with high infiltrations rates. Usually deep, well-drained sands or gravels. Little
runoff.

B Soils with moderate infiltration rates. Usually moderately deep, moderately well-
drained soils.

C Soils with slow infiltration rates. Soils with finer textures and slow water movement.

D Soils with very slow infiltration rates. Soils with high clay content and poor drainage.
High amounts of runoff.
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Figure 4-5. Hydrologic Soil Groups — Malibu Creek W  atershed (STATSGO and SSURGO)

4.5 LAND USE/LAND COVER

A number of land use/land cover (LU/LC) GIS produate available for the Malibu Creek watershed.
The National Land Cover Data (NLCD) provides a uke¥erview, but has limitations in urban areas.
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The U.S. Forest Service LANDFIRE datasetyv.landfire.goy provides a high level of detail about
vegetation, but does not represent developmerg. sfrbngest GIS product for representing developed
land uses is the SCAG land use data, which docweddand use in 1990, 1993, 2001, 2005, and 2008.
Land use is classified using a modified Andersaieay, with up to three levels of detail represeted
4-digit number. Inall, there are over 100 disticlasses.

There appear to be some discrepancies betwee 8®Beahd 2008 SCAG land use coverages, and the
2008 results do not always match aerial imagefye 2008 approach incorporates regional planning dat
and apparently classifies some small areas thatilren an under- or undeveloped status as highly
developed land uses.

4.5.1 Analysis of Land Use and Land Cover

To simplify the SCAG data, the original land usel éand cover classes were aggregated into more
general categories. The generalized SCAG landvasehen intersected with the study area boundary f
1990, 2005, and 2008 data to perform a change sisalifhe results of the LU/LC analysis are shomn i
Table 4-2 and Figure 4-6 and Figure 4-7. Mostlngtareas of barren and undeveloped SCAG LU/LC
had the largest decrease while Single Family Ratimdld SFR) (<0.5 acres) and office increased tlstm
between 1990 and 2008.

For areas designated as “Undeveloped” by SCAGLANDFIRE Existing Vegetation Type (EVT)
dataset was used to supplement the SCAG data ime36 and Figure 4-7. The 2005 coverage is
shown as it appears to be more accurate than 2008 25 different LANDFIRE land cover types inthe
watershed were aggregated into seven more geaatbver descriptions (Table 4-3).

Table 4-2.  Land Use and Land Cover Composition and  Change Analysis (SCAG, 1990, 2005,

2008)
1990 (SCAG) 2005 (SCAG) 2008 (SCAG) Percent
Land Use/Land Area | Percent Area Percent Area Percent Composition

Cover Description (acres) (%) (acres) (%) (acres) (%) Change 1990-2008
Agriculture 1,299 1.9% 1,252 1.8% 932 1.3% -0.5%
Barren 1,213 1.7% 371 0.5% 346 0.5% -1.2%
Commercial 403 0.6% 549 0.8% 717 1.0% 0.4%
Industrial 557 0.8% 658 0.9% 953 1.4% 0.6%
Institutional 405 0.6% 513 0.7% 885 1.3% 0.7%
Multifamily 948 1.4% 1,051 1.5% 922 1.3% 0.0%
Office 428 0.6% 579 0.8% 1,574 2.2% 1.6%
OpenW ater 444 0.6% 469 0.7% 522 0.7% 0.1%
Orchards 95 0.1% 162 0.2% 162 0.2% 0.1%
Park — Irrigated 564 0.8% 688 1.0% 523 0.7% -0.1%
SFR <05 ac 4,225 6.0% 4,938 7.0% 5,048 7.2% 1.2%
SFR 0.5 ac 2,495 3.6% 3,798 5.4% 2,830 4.0% 0.5%
Transportation 406 0.6% 406 0.6% 406 0.6% 0.0%
(CALTRANS)

Undeveloped and 56,704 | 80.8% 54,751 78.0% 54,367 77.5% 3.3%
Park - Non-irrigated ’
TOTAL 70,186 | 100% 70,185 100% 70,187 100% N/A

N/A = not applicable
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Table 4-3.  Land Cover within “Undeveloped” SCAG cla  ss (LANDFIRE, 2007)

Percent of Undeveloped Land
(SCAG)

Land Cover Description 1990 2005 2008
OpenW ater 0.04% 0.03% 0.02%
Barren/Developed 2.64% 1.59% 1.87%
Herbaceous — Grassland 8.32% 8.11% 8.27%
Sparsely Vegetated 0.53% 0.39% 0.39%
Shrubland (Chaparral/Scrub) 71.05% | 72.02% 71.77%
Sparse Tree Canopy (Savannah) 11.77% | 12.07% 11.93%
Open Tree Canopy (Woodland) 5.64% 5.79% 5.75%

4.5.2 Impervious Surfaces

Impervious surfaces encourage direct runoff, ratien infiltration of precipitation. The impervisarea
in a watershed is thus an important factor in aweiteing the amount and timing of runoff, streamflow
characteristics, and pollutant loading.

Impervious surfaces in the watershed include buislj parking lots, roads, sidewalks, and otheufeat
Determination of an average percent impervioustferaggregated SCAG LU/LC categories (Table 4-2)
can assist with the identification and prioritipatiof environmental stressors. The most recent
impervious surface assessment available was crbgitdte Multi-Resolution Land Characteristics
Consortium (MLRC) for the NLCD in 2001 (Figure 4-8yhe locations of Heal the Bay biological
monitoring stations are also shown in this figureupport subsequent discussions of the relatipraghi
bioscores and impervious areas.

An average percent impervious for each of the agdesl SCAG LU/LC categories was calculated using
the SCAG LU/LC 2001 data and the NLCD 2001 impeuwsisurface coverage (Table 4-4). The resulting
impervious fraction estimates are generally lowantthe estimates of percent impervious by land use
provided inthe Los Angeles County Hydrology Man{isACDPW, 2006). The Los Angeles County
Department of Public Works (LACDPW) estimates aredountywide design purposes and are suspected

not to be representative of the specific existamgpluses in the Malibu Creek watershed, where thvera
development is much less intense than in LA Coastg whole.

It is assumed that the average impervious valuedoh LU/LC category derived in Table 4-4 can &lso
applied to the earlier (1990) and more recent (20062008) coverages of the SCAG LU/LC. The
resulting analysis shows that imperviousness imtkershed increased from 3,694 to 4,878 acres
between 1990 and 2008; however, this still conststonly a small portion of the total watershedare
(6.95 percent) — primarily because undeveloped &ifigoredominates.
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Figure 4-8. Malibu Creek Watershed

Table 4-4. LU/LC Categories

Agriculture

Barren 87 27 25
Commercial 209 284 365
Industrial 156 185 268
Institutional 28 111 141 248
Multifamily 39 374 415 363
Office 46 197 266 723
OpenW ater 2 9 9 11

4-11



Malibu Creek & Lagoon TMDL December 2012

LU/LC Average Impervious Area Impervious Area Impervious Area
Description Imperviousness (%) 1990 (acres) 2005 (acres) 2008 (acres)
Orchards 3 3 5 5
Park - Irrigated 7 41 50 38
SFR <0.5 ac 34 1,459 1,704 1,738
SFR >0.5 ac 11 286 436 325
Transportation 49 178 178 200
Undeveloped
and Park — 1 568 563 559
Non-irrigated
Watershed Total (ac) 3,694 4,279 4,878
Percentage Impervious 5.26% 6.10% 6.95%

Note: There are some discrepancies in the classification of developed land in the commercial, industrial, institutional,
and multifamily categories between the 2005 and 2008 SCAG coverages.

4.6 FIRE HISTORY AND CONDITIONS

Fire activity in a watershed can significantly irapthe hydrologic response. Severe burns, paatiyul

in natural areas, such as forest or grassland ver®getation that holds soil in place and redbee t
amount of water lost through evapotranspiratioleoéls and massive debris loads are common following
extensive fires. These impacts diminish over sgibset years as vegetation is reestablished.

Fire history data were obtained in spatial formatrf the California De partment of Forestry and Fire
Protection through 2010t p:/frap.cdf.ca.gov/data/frapgisdata/downloaa?apatialdist=1&rec=fife

The data were reviewed to determine the timingeatent of years with major fire events (definecas
year with events that burned at least 1,500 acisnwhe watershed). Appendix B presents a supmar
of these results.

4.7 HYDROGRAPHY

4.7.1 Drainage Network

Hydraulic routing of water in the Malibu Creek wateed includes both the natural drainage netwodk an
water management infrastructure. Detailed stormmagtwork lines were obtained only for the LA
County portion of the watershed (Figure 4-9).s kikely that there is above- and below-ground
stormwater infrastructure in the Lake Sherwood, Nelks, and greater Thousand Oaks areas within
Ventura County; however, no available GIS coverage® identified.
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Figure 4-9. Surface Drainage Network — Malibu Creek  Watershed

4.7.2 Subwatershed Delineation

There are several programs and automated GlSaeaikable in the public domain that can be used to
generate watershed boundaries from a DEM. Theswletted for this project was developed using
Environmental Systems Research Institute’s (ESRi)® Builder and available from the ESRI Support
Center! The tool involves several steps of DEM processinagy produce a stream network layer and
watersheds sized based on user specifications.

Several data sources were used to inform the aagoagf catchments into subwatersheds. They
included major breaks in hydrography (i.e., streader), LU/LC as shown by the 2008 SCAG data,
monitoring stations, and point sources. GIS lapétormwater infrastructure were not availabletfe
Ventura County portion of the watershed. The steaiter network coverages in LA County were
reviewed but did not result in any modificationghe delineation. The delineation process resiifteh
average subwatershed size of 5.22(figure 4-10).

! http://support.esri.com/index.cfm?fa=downloads. geogssing.filteredGateway& GP1D=16
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5.Source Assessment

This section identifies the potential sources dfutants that discharge into the impaired wateréesdiln
general, pollutants can enter surface waters frotin point and nonpoint sources. Point sourcesidecl
discharges from a discrete human-engineered auffhlése discharges are regulated through NPDES
permits. Nonpoint sources, by definition, inclym#lutants that reach surface waters from a nurber
diffuse land uses and activities that are not egtgd through NPDES permits. Specific sources damtp
and nonpoint sources in the Malibu Creek watersitegresented below.

5.1 POINT SOURCES OF POLLUTION

NPDES permits in the watershed include municippasate storm sewer system (MS4) permits, a
California Department of Transportation (Caltrastmymwater permit, and general or individual NPDES
permits.

5.1.1 Permitted Facilities

The only facility with a permitted wastewater diacge to Malibu Creek or its tributaries is the Bapi
Water Reclamation Facility (TWRF)'WRF is operated under a Joint Powers Authoritybeh Las
Virgenes Municipal Water District (located in wasté A County) and Triunfo Sanitation District
(located in eastern Ventura County). The faciitglong Malibu Canyon Road in unincorporated LA
County.Constructed at a low point in the Malibu Creek wslted, it allows wastewater to flow by
gravity to the treatment facility (see Figure 4-H)was built in 1965 with a capacity of 0.5 nulfi

gallons per day (MGD) and has been expanded seimaesl — in 1968 to a capacity of 2 MGD; in 1972
to a capacity of 4 MGD; in 1984 to a capacity d&D; in 1986 to a capacity of 10 MGD; and in 1994
to its current capacity of 16 MGD. TWRF began wageycling in 1972 and currently treats an average
of 9.5 MGD of wastewatethftp://www.lvmwd.com/index.aspx?page372The plant was upgraded from
secondary to tertiary treatmentin 1984.

TWRF applies state-of-the-art technology to tramsfwastewater into high-quality recycled water that
used to irrigate public and commercial landscapunch as golf courses, school grounds, highway
medians, and parks. During the hot summer moirtigation consumes all the recycled water Tapia
produces. When excess effluent is produced, TWiFhdrges both to Malibu Creek and to Arroyo
Calabasas, a tributary of the Los Angeles Rivelie ain discharge to Malibu Creek occurs about
0.3 miles upstream from the confluence with ColdeRrand about 5 miles upstream from Malibu
Lagoon. LARWQCB Order No. 97-135 contained a psion prohibiting discharges from TWRF to
Malibu Creek from May 1st to November 1st each yeacept under certain conditions.

“Implementation of the prohibition under Order NM@-135 was subject to further discussions among the
Regional Board, National Marine Fisheries ServidBIES), U.S. Fish and Wildlife Service (USFWS),
California Department of Fish and Game. After d&ions among these departments, it was concluded
that TWRF should apply for an incidental “take” péras required by Endangered Species Act
§10(a)(1)(B). It was also recommended that a miminflow of 2.5 cubic feet per secondfdec) be
maintained throughout the year to sustain endadgarecies. Also, extreme weather conditions in the
winter of 1998 caused the Lagoon to remain opeaffoextended period. Heavy rains at that time also
resulted in more runoff into the Malibu Creek armbbon and created a condition resulting in less
demand for reclaimed water during the period tlselwirge prohibition was in effect” (Los Angeles
Board, 2005b). To address these issues, revigierss made in 1998 through Order 98-030, which
directed that TWRF shall “not discharge as otheswiermitted by these requirements to Malibu Creek a
any of its discharge points commencing eitherMay 1st of each calendar year, or (b) the firstirat
closure of Malibu Lagoon by sand buildup, whichegdater, through and including October 31st affrea
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calendar year.” Exceptions are provided for stewents, plant upsets, or “the existence of minimal
streamflow conditions that require flow augme ntaiilo Malibu Creek to sustain endangered species.”
The discharge prohibition is based on a finding tti@t unseasonable freshwater inputs from Tapd a
other sources cause the Lagoon to flood and/ochrefen it otherwise would not.”

In 1999, Order No. 99-142 modified the dischargghjitions to Malibu Creek to extend from April 15

to November 15. When discharges occur in the witthe current permit limits are 8 mg/L total

inorganic nitrogen (N) in accordance with the MalWatershed nutrient TMDL (USEPA, 2003) and 3
mg/L total phosphorous (P) (added to NPDES permitARWQCB based on plant performance). The
TMDL limits represent an approximately 43 percesatuction in inorganic N loads relative to the 1997-
1999 time period, with no reduction in P conceitra. Tentative limits have also been developed fo
suite of metals, organic compounds, and other faoits. This order also excluded the incidental take
permit requirement previously required (and subsetiy remanded by the SWRCB) and was substituted
with an exception for flows necessary to sustaite@gered steelhead trout (2 3siéc).

Most of the effluent generated by TWRF is usedrfagation during the summer months. At the tinfie o
the nutrient TMDL, effluent irrigation and sludggédction were estimated to contribute 9 percemhef
annual nitrogen load and 6 percent of the annuad jpiiorus load to the Malibu Creek watershed. ®ludg
disposal in the watershed has since ceased, aiidvib assigned a load allocation of zero to effiuen
irrigation based on a requirement that applicatiosisexceed agronomic rates.

5.1.2 Stormwater

Stormwater runoff in the Malibu Creek watershecdeigulated through the Los Angeles County MS4
permit, the Ventura County MS4 permit, and theestade stormwater permit issued to Caltrans. The
permitting process defines these discharges as gminces because the stormwater is discharged from
the end of a stormwater conveyance system.

5.1.21 Municipal Stormwater

USEPA also regulates urban stormwater dischargesgh NPDES permits. These permits apply to
stormwater runoff that is transported through retad MS4s and discharged into waterbodies. To
prevent harmful pollutants from being washed or padhinto an MS4, operators must obtain a NPDES
permit and develop a stormwater management program.

An M$S4 is defined as a conveyance or system of eyamces that is: (1) Owned by a state, city, town,
village, or other public entity that dischargesuaters of the U.S., (2) Designed or used to cobiect
convey stormwater (including storm drains, pipéshgs, etc.), (3) Not a combined sewer, and (4) No
part of a Publicly Owned Treatment Works (sewagattnent plant).

USEPA has extended coverage under the MS4 pergnjitogram in two phases. Phase |, issued in
1990, requires medium and large cities or certaimties with populations of 100,000 or more to obta
NPDES permit coverage for their stormwater discésrgPhase Il, issued in 1999, requires regulated
small MS4s in urbanized areas, as well as smallsviisdside the urbanized areas that are designgted b
the permitting authority, to obtain NPDES permivemge for their stormwater discharges. Each
regulated MS4 is required to develop and implenaestormwater manage ment program (SWMP) to
reduce the contamination of stormwater runoff arahibit illicit discharges. Because a NPDES permit
is applied, stormwater discharges from a regulbi&d are subject to wasteload allocations for point
sources under the TMDL program, rather than lobmtations for nonpoint sources.

Los Angeles City and County were covered under @hafthe stormwater program. The municipalities
within Los Angeles County (except for the City afig Beach) and the unincorporated areas of the
county are covered under a unified MS4 permit uidifornia Regional Water Quality Control Board,
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Los Angeles Region, Order No. 01-182, NPDES PexnitCAS004001. The LA County Flood Control
District serves as Principal Permittee.

The Malibu Creek watershed also includes areasmithincorporated Ventura County and the City of
Thousand Oaks (within Ventura County). These aaeasovered by the new MS4 permit for Ventura
County (Order R4 2010-0108, NPDES Permit No. CAS024 July 8, 2010), which unifies MS4

coverage for that county with the Ventura Countytéi&hed Protection District as Principal Permittee.

5.1.2.2 Caltrans

The county MS4 permits do not directly cover rurfafim state highways, which are covered under a
separate permit. Caltrans is responsible for &ségth, construction, management, and mainte nant® of
State highway system, including freeways, bridg@snels, Caltrans’ facilities, and related properti
Caltrans’ discharges consist of stormwater andstormwater discharges from State-owned rights-of-
way. Before July 1999, stormwater discharges f@attrans’ stormwater systems were regulated by
individual NPDES permits issued by the Regional &/@oards. On July 15, 1999, the State Water
Board issued a statewide permit (Order No. 99-06)\hich regulated all stormwater discharges from
Department-owned MS4s, maintenance facilities am$ttuction activities.

5.1.2.3 Summary

The distribution of watershed land area by MS4sglidtion is an important input to the TMDL alloaati
of loads (see Section 10). This analysis is pedich Table 5-1, in which the land uses descrilbed i
Section 4.5 are summarized by jurisdiction alonthwssociated impervious areas.

Table 5-1.  Land Use Distribution by MS4 Jurisdictio  n
Los Angeles County Ventura County Caltrans
Total area Impervious Total area Impervious Total Impervious
Land Use (ac) area (ac) (ac) area (ac) area (ac) area (ac)
Agriculture 250 3 671 8 0 0
Barren 257 20 64 5 0 0
Commercial 238 247 114 118 0 0
Industrial 612 239 73 29 0 0
Institutional 452 176 185 72 0 0
Multifamily 323 210 236 153 0 0
Office 245 209 605 515 0 0
Open Water 316 7 195 4 0 0
Orchards 84 2 73 2 0 0
Park - Irrigated 169 13 316 25 0 0
SFR <0.5 ac 1,975 1,037 1,335 701 0 0
SFR >0.5 ac 1,925 250 580 75 0 0
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Los Angeles County Ventura County Caltrans
Total area Impervious Total area Impervious Total Impervious
Land Use (ac) area (ac) (ac) area (ac) area (ac) area (ac)
Transportation (Caltrans) 0 0 0 0 206 200
Undeveloped* 33,076 344 20,731 216 0 0
Total 39,924 27,55 25,180 1,922 206 200

Note: Based on SCAG 2008 land use with additional interpretation of Caltrans transportation land use areas from
state-owned roads coverage. Non-state-owned roads are embedded within the other land uses.

5.2 NON-POINT SOURCES OF POLLUTION

A nonpoint source is a source that dischargeshaatsflow or natural discharges, as well as agtical
stormwater discharges and return flows from irgdadgriculture. Nonpoint sources include areatsdba
not drain to a storm drain system, agriculturavBpand onsite wastewater disposal (note: equastria
sources that may contribute invasive species atrgents from excrement may also occur in the
watershed; however, their loading is expected timtegmittent and minimal). However, the entire
watershed is covered by MS4 permits and flows fpoaperties that drain directly to the creeks withou
passing through an organized stormwater conveyaapresent minimal amounts of impervious area.
These areas are considered to be an insignificantibutor to the overall loading to the creek, are
presented below to characterize their potentiabirhp

5.2.1 Agricultural Sources

932 acres of the Malibu Creek watershed are detsdras agricultural (1.3 percent) according to the
SCAG 2008 land use layer (Table 4-2). These ammageanerally located along Hidden Valley Creek or
Malibu Creek (Figure 4-7) and can be sources afents and sediment to the receiving waters.
Vineyards are also located in the watershed; hokewenparison with the agricultural and orchard
categories in the land use layer does not showagvevith the know vineyard locations (Goepel et al.
2012).

5.2.2 Onsite Wastewater Disposal

Regional Board Staff reviewed past studies and@dsducted independent modeling estimates of
nitrogen mass loadings from onsite wastewater daslgystems (OWDS) into Malibu Lagoon (Lai,
2009). Specifically, three previous studies werdgated (Stone Environmental, 2004; Questa, 2005;
Tetra Tech, 2002) and summarized by Lai (2009)s&hesults are summarized in Table 5-2. In
addition, the in-Lagoon nitrogen concentrationgdfmed from the mass loading associated with the
Stone Environmental and Tetra Tech studies areshowigure 5-1. This figure also compares the
results with actual nitrogen concentration datagnthe 13 pounds per day [Ibs/day] line is as$edia
with the nitrogen numeric target of 1.0 mg/L in therient TMDL [USEPA, 2003]).

In addition to the previous studies, the Regionah8 estimated nutrient loadings using a numerical
model and a spreadsheet model. Regional Boadestithated mass loading into the Lagoon of 34.9
Ib/day using the spread sheet method and showethtbavould produce a nitrogen concentration i th
Lagoon water of 2.9 mg/L (Table 5-2 and Figure 5-ILhe use of another three-dimensional groundwater
flow and solute transport model (Questa, 2005) €aban estimated mass loading of 30.2 Ib/day, which
resulted ina Lagoon water nitrogen concentratidi® mg/L (Table 5-2 and Figure 5-1). According t

the measured data during 1995-1999 (Sutula €2@04) and 2002-2003, the nitrogen concentration in
the Lagoon water is increasing. As such, the tieguhitrogen concentration of 2.9 mg/L for 2008320
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falls within the trend of measured data from 19982@03. Thus, the mass loading into the Lagoon of
34.9 Ib/day is considered to be an appropriatereaslonable estimate.

In summary, the Regional Board analysis conclutiatiéstimates between 30-40 Ibs/day of nitrogen are
loaded to the Lagoon from OWDS, which exceeds theemt TMDL load allocation and results in
excursions of the TMDL numeric target from the poerg nutrients TMDL (USEPA, 2003).

Table 5-2. Comparisons of Estimated Nitrogen Mass L oading to Malibu Lagoon (Lai 2009)

Stone Questa | Tetra Tech Staff Estimate Staff Estimate
Report Report Report (Spreadsheet (Numerical
(2004)° (2005)° (2002)° Method) ¢ Model Method) ©
1.W astewater Flow Rate from 62,166 | 100,000 75,000 127,241 127,241
Commercial OWDS (gal/day)
2.Concentration in Commercial 50 50 59.2 3-110 3-110
Wastewater ( mg/L)
3.Mass Loading from 25.94 41.73 37.05 42.1 421
Commercial OWDS (Ibs/day)
4.W astewater Flow Rate from 126,121 | 126,121 54,800 139,300 139,300
Residential OWDS (gal/day)
5.Concentration in Residential 20 20 59.2 45 45
Wastewater (mg/L)
6.Mass Loading from 21.05 21.05 27.07 52.3 52.3
Residential OWDS (Ibs/day)
7.Mass Loading from OWDS 46.99 62.78 64.12 94.4 94.4
(Ibs/day)
8.Ratio of Mass Loading® 0.36 0.32 0.50 0.37 0.32
9.Mass Loading to Malibu 17 20 32 34.9 30.2
Lagoon (Ibs/day)

Notes: 2 the ratio of mass loading entering Malibu Lagoon versus mass loading from OWDS, i.e., value of row 9
divided by value of row 7.

b the nitrogen loads were assumed to be mostly nitrate in the OWDS and the model only simulated the nitrate in the
Stone and Questa Modeling Reports.

¢ 50 percent of nitrogen loads from the OWDS were assumed to enter the Malibu Lagoon.

4 The nitrogen mass loading from OWDS was estimated based on the commercial load from each OWDS and the
residential load with an average concentration of 45 mg/L for OWDS. Staff estimated the nitrogen mass loading to
Malibu Lagoon by using the spread sheet method.

¢ the nitrogen mass loading based on the commercial load from each OWDS and the residential load with an
average concentration of 45 mg/L from OWDS were used in the model. Staff estimated the nitrogen mass loading to
Malibu Lagoon by using Questa numerical model results.
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Water Quality Modeling for Malibu Lagoon
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6.Flow Data and Analysis

The hydrology of the Malibu Creek watershed hasghd significantly over the years due to
urbanization, the importation of water, the conginn of reservoirs, and the discharge of wastewiate
Malibu Creek. Most of these changes began in tllel®60s when urban development accelerated.
Urbanization of portions of the upper watersheddased the amount of impervious surfaces, greatly
increasing runoff and peak flows during storms egatlicing infiltration to soils and groundwater. €Th
resulting increases in runoff and stream flowsuimincreased erosion rates, both over the larfdeir
and in the stream channels, causing significaritresatation in the reservoirs. Approximately 20,000
acre-feet of water per year is currently importetd the watershed (NRCS, 1995; Abramson et al.8J199
Much of this is used for landscape irrigation, whézibsequently enters the waterways through shallow
groundwater flows or runoff into storm drains. ©tportions of this water are used in homes andugnd
at the Tapia Water Reclamation Facility, wheregratiteatment, much of it is re-used for irrigatain
various locations in the watershed.

These changes have increased both storm flowsasadflows in the watershed. The NRCS (1995) study
estimated that base flows in Malibu Creek havedased by an order of magnitude over pre-development
conditions, from about 200 to 2,000 acre-feet gary Stream flows during storms have almost daljble
from about 11,900 to over 21,000 acre-feet per (d&RCS, 1995). As a result, the average annual flo
had more than doubled by 1995, from about 12,0@¥1600 acre-feet (NRCS, 1995). Some of this
(about 4,000 acre-feet) was due to discharges thenTapia WRF that has since been curtailed. About
3,000 acre-feet of the increased flow is associaigtrunoff from lawn and home use, and about

500 acre-feet with septic tank seepage (NRCS, 1995)

The Malibu Creek watershed contains 11 major stsesmd several other less important tributariesor Pr
to development in the watershed, many of thesamsigavere intermittent to ephemeral, except for Las
Virgenes Creek, lower Medea Creek, and Cold Crekich were perennial to intermittent (NRCS,
1995). However, as a result of irrigation with ioni@d and reclaimed water, most of the larger tabes
and all of the main reaches from Westlake Lake &b Lagoon generally have flows all year long
(NRCS, 1995). It is assumed that additional develogt since this 1995 study has resulted in even
higher flows.

6.1 STREAM FLOW GAGING

Stream flow monitoring along Malibu Creek is lindtéo the two gage locations shown in Figure 6-1.
The flow gage near Crater Camp (USGS 11105500; LR@DF-130) contains the longest period of
record. USGS operated this gage between Febrid831 and September 30, 1979, after which
LACDPW took over operation and continues to mortit@r gage to the present. (Records through the
end of WY 2009 have been released as of this grjtifT he second flow gage in the Malibu Creek
watershed is USGS 11105510, an active gage locedthe mouth of the river, upstream of the
Lagoon. This gage has only been in operation dbemember 6, 2007.
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Figure 6-2. Daily Flow Time-Series for USGS 1110550 O/LACDPW F-130 Gage
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Figure 6-3. Daily Flow Time-Series for USGS 1110551 0 Gage

Table 6-1 provides a statistical summary of théydbow data, and Table 6-2 shows the monthly
averages to demonstrate the extreme seasonaliligriabthis stream.

Table 6-1.  Statistical Summary of Daily Flow Data (  cfs)

Gage

Dates

Min

Q25 Median Q75 Max Mean
USGS 11105500,  4/1/1931 -
LACDPW F-130  9/3022010  ° 08 3.9 1.7 24,200 294
USGS 11105510 12/6/2007
0 0.01 3.6 19.0 3,010 312
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Table 6-2.  Monthly Flow Averages (cfs)

USGS 11105500/F-130, USGS 11105510,
19312010 2007-2010
Month Mean Flow Median Flow Mean Flow Median Flow
Jan 82.7 10.3 183.9 18.0
Feb 100.9 16.7 97.7 52.0
Mar 80.1 171 299 24.0
Apr 254 9.6 19.7 16.0
May 10.1 51 6.4 5.8
Jun 6.9 3.1 15 1.0
Jul 3.4 2.0 0.1 0.0
Aug 2.4 1.5 0.0 0.0
Sep 2.7 1.5 0.0 0.0
Oct 3.7 1.5 22 0.0
Nov 10.6 2.9 3.3 0.1
Dec 26.4 6.1 274 135

As shown in the figures and data summary, long-tiomin Malibu Creek is characterized by extreme
seasonal fluctuation between near-zero base flonsgithe summer/fall and large peak events during
the winter. Based on observed flows from the regage (Dec. 2007-present), monthly median flows
between July and October are zero while mediansfloetween December and April range between
13.5 cfs and 52.0 cfs. Observed flow data fromahg-term gage portrays a significant increadeaise
flow between the pre-1966 monitoring period andgbet-1992 period. In part this may be due to
agricultural diversions in the earlier period, buported water has also contributed to the base flo
increase. Predevelopment measurements show ehhigtorical base flow during summer was on the
order of 0.18 cfs (NRCS, 1995), but by the 199@sstimmer base flow had reached about 4 cfs. The
NRCS (1995) study estimated that summer runoff freatering lawns and washing driveways in the
upper watershed accounted for about 2.4 cfs dfdlse flows. About 7.4 cfs of runoff is generataat,
about two-thirds of that is lost through evapotpration (NRCS, 1995).

6.2 IHA CHANGE ANALYSIS

The Indicators of Hydrologic Alteration (IHA) to¢Nature Conservancy, 2008) was used to compare
differences in hydrologic regimes between two tjpeeiods and assess how these changes are related to
impacts on instream sediment loading and biolodiealth. IHA is used to summarize long periods of
daily hydrologic data into a much more manageadiies of ecologically relevant hydrologic parangter
As a result, Tetra Tech targeted hydrologic inditsathat best represent the impacts on sedimediniga
and the health of benthic macroinvertebrate comtiasni
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Flows were analyzed at the LACDPW monitoring gagévalibu Creek below Cold Creek (Gage F130),
the same location as the earlier USGS gage on M@libek at Crater Camp (11105500). This gage is
located downstream of most of the developmententhtershed, as well as the Tapia discharge. IHA
was used to do a pre- post-analysis. For therppact period, daily flows were used for Water Years
1932-1965 (10/1/1931 — 9/30/1965) available onUB&S NWIS website. The pre-impact period was
limited to 1965 because this is when the Tapiat@isge and related development came online. ThHe pos
impact period used flows for Water Years 1992 td2010/1/1992 to 9/30/2009) provided by LACDPW
as representative of current conditions.

Figure 6-4 shows separate flow duration curvesterpre- and post-periods. Note the significant
increase in overall flow during the later monitgriperiods, apparently reflecting the combinatiothef
Tapia discharge and use of imported water in teénbal he overall mean flow for the two monitoring
periods doubled from 17 cfs during the pre-impaatqal to 47 cfs during the post-impact period; an
increase of 180 percent.

[V Annual (1932-1965)
[V Annual (1992-2009)

Pre Post Impact
Flow Duration Curves
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Figure 6-4. Annual Flow Duration Curves for Pre-Pos  t Monitoring Periods on Malibu Creek

The basic IHA flow indicators are divided into figeoups; each one representing a different set of
hydrologic statistics and related influence ondtieam ecosystem. Subsets of the 33 total IHA
parameters are shown in Table 6-3, separated bgangeriod. The specific ecosystem influences
associated with each of the parameter groups amersim Table C-1 of Appendix C. (Note that Tetra
Tech used the non-parametric analysis option in.JHA
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Table 6-3.  Pre- and Post-Impact Median Results for ~ Selected IHA Flow Parameters
Parameter Group Parameter Pre-Period Post-Period % Change

Magnitude of monthly | Median flow in April 3.5¢cfs 21.5cfs 505%
water conditions

Median flow in Nov. 0.2 cfs 6.7 cfs 3,237%
Magnitude and Annual minima, 30-day median <0.1cfs 2.4 cfs 2,310%
duration of annual
extreme water Annual maxima, 30-day median 25.3 cfs 129 cfs 410%
conditions

Number of zero-flow days 0.007 0.08 918%
Timing of annual Julian date of annual 1-day max. 275 278 1.0%
extreme water
conditions Julian date of annual 1-day min. 40.5 40 11%
Frequency and # of low pulses within each water 4 0 -100%
duration of high and year (< 0.2 cfs)
low pulses

# of high pulses within each 3.5 3 -14%

water year (> 3 cfs)
Rate and frequency of | Rise rate: mean of all positive 0.25 0.40 62%
water condition differences between consecutive
changes daily values

Fall rate: mean of all negative -0.40 -0.66 64%

differences between consecutive
daily values

The statistical results show a significant increéagte magnitude of annual flows between the pret

post-impact periods. As shown in Figure 6-5, tlesdian 1-day maximum flows increase from 179 cfs to
860 cfs (an increase of 380 percent). The medimntity flows increase between 505 percent and 3,237

percent between the pre- and post-impact monitgéngds and the annual 30-day maximum values
increase by 410 percent. Not only do the mediark flews significantly increase during the post-aop

period as expected from the increased developnmehinaperviousness in the watershed, but the median
low-flows also increase (+2,310 percent for theda@-rolling median) as a result of wastewater

discharges, use of imported water, and likely réduos in stream diversions.
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Figure 6-5. Pre/Post Comparison of Median Daily Max  imum Flows on Malibu Creek

A key feature of the IHA is the evaluation of Emrimental Flow Components (EFC). The program
categorizes all daily flows as one of the followiegtreme low flows, low flows, high flow pulsesnall
floods, and large floods. For Malibu Creek, extedow flows are zero flows under pre-impact
conditions. The dividing line between low flowsaée flows) and high flows is set at 3cfs by the
analysis, while the small flood minimum peak flai79 cfs and the large flood minimum peak flow is
4,505 cfs.

The EFC median low flows by month are shown in Fégit6 and reveal a dramatic change associated
with use of imported water in the basin. Sele®&E€ parameters are shown in Table 6-4. The table
includes a “Significance Count.” To calculate thise software program randomly shuffles all yexrs
input data and recalculates (fictitious) pre- aagtpmpact medians 1,000 times. The significamment

is the fraction of trials for which the deviatioalues for the medians were greater than for tHecese.
Thus a low significance count (minimum value isM@ans that the difference between the pre- and post
impact periods is highly significant, and a highréficance count (maximum value is 1) means thateth

is little difference between the pre- and post-iotgeeriods. The significance count can be inteégure
similarly to a p-value in parametric statisticsheTIHA guide to the interpretation of EFC statis i

shown in Table C-2 of Appendix C.
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Figure 6-6. EFC Median Low Flows by Month
Table 6-4.  Pre- and Post-Impact Median Results for  IHA EFC Parameters

EFC Parameter Pre-Impact Post-Impact Significance Count
Extreme low peak (cfs) <01 NA
Extreme low timing (Jday) 274 NA
Extreme low freq. (/yr) 4 0 0.07007
High flow pulse peak (cfs) 7.25 3.779 0.05506
High flow pulse timing (Jday) 535 2725 0.03904
High flow pulse rise rate 4.175 0.95 0.2032
High flow pulse fall rate 2771 -0.6505 0.1972
Small flood peak (cfs) 1180 1697 0.4605
Small flood timing (Jday) 37 46 0.2943
Small flood rise rate 177.1 18.48 0.1862
Small flood fall rate -16.7 -11.71 0.3333
Large flood peak (cfs) 5370 7360 0.00
Large flood timing (Jday) 62 9 0.00
Large flood rise rate 169.7 86.57 0.5856
Large flood fall rate -44.62 -8.635 0.1922

There is a dramatic change in extreme low flowdsty: In the pre-impact period the median number
of days with zero flow was four per year, whereasenoccur in the post-impact period. This changg m
decrease the ability of the system to purge ineaspecies.
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In general, the rates-of-flow rise and fall do show statistically significant differences, nothgre

much difference in small floods. More significdat10 percent) are the changes in high flow pulse

(e.g., above base flow) peak and timing and lalgmdfpeak and timing. The high flow pulses are
smaller and occur later in the year post-impacilenthe large flood peaks are greater and occuieear

the year. Both of these factors are likely to §gomiated with shaping the physical conditions and
morphology of the streambed, while the changearigel floods can also have important consequences fo
the physical habitat of the floodplain.

6.3 MALIBU LAGOON MORPHOLOGY

The geologic history of Malibu Lagoon is descriliedmbrose and Orme (2000) and Moffatt & Nichol
(2005). The form of the Lagoon represents a dyadomlance between sea level rise since the lasigee
and high sediment supply due to uplift of the Samtaica Mountains. In general, the Lagoon has been
aggrading over time in concert with sea level asapproximately 1.8 mm/yr. Animage of the Lagoon
prior to major disturbances is available from tB@3 topographic map of Calabasas Quadrangle (Figure
6-7). The map shows the Lagoon as closed, withal sirea of open water. ltis likely that ranahin

= o " _— ey

Figure 6-7. Malibu Lagoon, Detail from 1903 USGS 1: 24,000 Map of Calabasas Quadrangle
(http://ims.er.usgs.govigda_services/download?item_id=5500825&quad=Calabasas&state=CA&grid=15X15&series=Map GeoPDF)

As described by Ambrose and Orme (2000), a railway constructed across the Lagoon in 1908 and
transformed into the Pacific Coast Highway in 192%e western portions of the Lagoon were largely
drained between 1920 and 1949 and large portiomgezted to truck farming. A variety of building
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projects followed, constraining the natural foonpief the Lagoon. The 1950 map of the same area
shows the reduced footprint of the Lagoon and caimitby roads and ongoing building projects (Fegur
6-8; left panel). A 2009 revision shows even naastraints on the Lagoon morphology (Figure 6-8;
right panel). These constraints have increasedhdgtion in the remaining footprint of the Lagoon,
much of which was noted as being above MSL in 200&fatt & Nichol, 2005). As a result, the
Lagoon is much smaller and fresher than was lilkedycase under natural conditions — occupying only
the eastern portion of its original extent.

i) g -‘._ \
o fdon
Lo et M ity Selr

1950 2009 Digital Map

Figure 6-8. Malibu Lagoon, Detail from USGS 1:24,0 00 Malibu Beach Quadrangle

The Lagoon is naturally a highly dynamic systerwhich substantial aggradation occurs in cycle with
major floods that open the barrier beach and sootiaccumulated sediments. Floods in 1938 and 1998
deepened the Lagoon and increased water volumdemmporary basis.

Natural breaching of the Lagoon barrier would ogmimarily in response to winter storms. Alterato
to the hydrology of the system have affected thisiral cycle. Extensive use of imported watehin t
basin has extended flows into the dry season, whiatonjunction with reduced storage in the Lagoon
tends to result in overtopping of the beach dutimgsummer. To prevent flooding, mechanical
breaching of the beach during summer has been used.

No detailed record of intentional and natural bhéiag of the barrier beach has been located. Some
information may be gleaned from a series of agf@tographs available atwvw.coastalcalifornia.org.
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(These are subject to copyright and are thus pabdeiced here.) Based on these photographs and
information provided in Ambrose and Orme (2000) dtaffatt & Nichol (2005), the following patrtial
chronology can be constructed:

1972 [day not state(
197¢Oct.
1997-199¢ Winter

199¢-2004
200z Octobel
2004 Octobel
200£ June
200€ Septembe
200€ Sepembe
201C Septembe
2011 Octobel

Beach open at center, shallow char
Open at center with full ocean excha

Fully open to the sea with deepening of Lagoon.By®1 m due to major
flood event

Largely closed and aggradil
Photography shows beach fully clo:
Open at west end of bec

Closec

Small overflow channel at west end of be
Closec

Closec

Small overflow channel at east end of be
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7. Water Quality Data and Analysis

In this section, all available water quality datdélected and evaluated are provided; this TMDL

conducted analyses of the data to provide contekbackground information regarding key stressods a
impairments. These data are summarized and deddriluetail below.

7.1 SOURCES OF DATA

Water quality in the Malibu Creek watershed hasbmenitored by a variety of agencies over time.
Much of this monitoring is summarized in a recexgiart by the Joint Powers Authority of the Las
Virgenes Municipal Water District and the Triunfartation District (LVMWD, 2011). Additional
analyses were conducted and are of potential netevid biotic impairment in Malibu Creek.

The most significant sources of water quality mannilg data (other than bacterial data) are the theal
Bay Stream Team, LVMWD, the Malibu Creek Watershthitoring Project (MCWMP), and the
LACDPW. These data are discussed below and sumackimnzAppendix A.

7.1.1 Heal the Bay Stream Team Water Quality Sampling

The Heal the Bay Stream Team is a citizen volunte@mitoring project that has collected a limitedesu

of conventional water quality data in the Malible€k watershed and elsewhere since 1998. Although
data are collected by volunteers, the team is yea dedicated Heal The Bay Water Quality Monitoring
Coordinator; in addition, the project involves sfpant training and supervision with adherence to
established protocols and procedures. The eaassyaf this effort (1998 —2002) are describeddtad
inthe dissertation of Luce (2003). Sampling sitese on Malibu Creek and its tributaries. Thepals
included potential reference sites outside of theevghed (Figure 7-1, sites with prefix “HtB"). e
include three sites on the Malibu Creek main stdtB-MC1, just above the Lagoon near the mouth of
Malibu Creek, HtB-MC15 below the confluence withI€&reek and also below the Tapia discharge, and
HtB-MC12, upstream of Las Virgenes Creek and upstref the Tapia Discharge.

Consistent with the discussion in Luce (2003), Site14 on Solstice Creek and LCH-18 on Lachusa
Creek were selected as the most appropriate refestes for the Malibu main stem. These sitesaare
similar elevation (but slightly lower stream orddmit have few or no impacts due to developmernicel
also treated the Arroyo Sequit station (AS-19) pstantial reference site; however, this site Ilgjext to
some development impacts including roads, equesigas, and at least one septic system upstream of
the sampling station. Therefore, it is not treae primary reference site in this assessment.

7.1.2 LVMWD Sampling

LVMWD has conducted sampling in Malibu Creek sid€¥ 1 in conjunction with their discharge permit.
These sites are indicated by prefix “LVMWD” on Figw/-1. The sampling sites focused on discharge
points to the local creeks and downstream impawtshave consistently addressed bacteria, general
physical parameters, and inorganic nutrients. 0Bb2 monitoring for heavy metals and organic
compounds was added to the routine monitoring trees the California Toxics Rule.

7.1.3 Malibu Creek Watershed Monitoring Program

The MCWMP was a multi-agency effort conducted ura@roposition 13 grant from February 2005
through February 2007 with the aim of establishiageline water quality throughout the watershede T
sampling sites appear without prefix on Figure (&3., “LV1").
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7.1.4 Los Angeles County Mass Emissions

As part of its MS4 permit, LACDPW conducts samplaigeven mass emissions stations, one of which
is collocated with stream gage F130, in Malibu nest below the confluence with Cold Creek
(coincident with HtB-MC15 on the map). This tag@tet and dry events with the intention of estimati
mass loading past the monitoring station.
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Figure 7-1.

Monitoring Sites in the Malibu Creek Wa

tershed and Adjacent Reference Sites

7.1.5 USEPA 2010-2011 Creek and Lagoon Monitoring

As part of the effort to more fully evaluate thendition of the Creek and Lagoon, USEPA collected an
analyzed additional sampling data in Winter 2016 Sommer 2011. Monitoring included samples
collected for water quality, macroinvertebrate camity and physical habitat, which are discussed in
this section and the next section on biological bmbitat data.

7.2 DISSOLVED OXYGEN AND TEMPERATURE DATA ANALYSES

Malibu Creek has existing aquatic life beneficisésl of WARM, COLD, and SPWN, which are
respectively associated with minimum DO criteridbpb, and 7 mg/L. Samples from the Malibu Creek
main stem generally meet these criteria , but ihdh@time. The Stream Team sampling providesrgel
database of samples. These are compared to thefsvence sites in Table 7-1.
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Table 7-1.  Stream Team Dissolved Oxygen Sample Summ ary Malibu Creek Mainstem and
Potential Reference Sites, 1998-2010
Solstice Lachusa Applicable
Site MC-1 MC-12 MC-15 (14) (18) Criteria

Sample Count 117 70 25 72 61
Average 10.90 9.38 9.09 9.30 9.93

DO (mg/L) Min 281 26 2.8 7.05 7.06 | >7mg/L
Max 19.68 12.92 18.14 16.17 13.28

The SPWN criterion of 7 mg/L and the COLD criteriofin6 mg/L or better are met in the reference sites

but not always in the main stem. There are alsgquignt high values in the main stem, attributadle t
algal photosynthesis. A box plot of the DO samgfégure 7-2) shows that the minimum DO criterien i

met most of the time, although more than 12 peroétite samples at MC-1 were less than 7 mg/L (MC-

15 is omitted from the box plot because the nuraloglrperiod of record of samples is limited). As
shown in Table 7-2, less than 10 percent of thesB@ples in the main stem fall below the COLD

criterion; however, no excursions have been medsairéhe reference sites.

Table 7-2 does suggest high levels of DO stresemme of the tributaries. For example, samplebeat t
Las Virgenes LV-9 station were less than 6 mg/lp&dcent of the time.

20 e
18
16 A X
14
X
12
S 0
m .
él
8
X
6 i
4
5 | X
0
MC-1 MC-12 Lachusa 18 Solstice 14
X Min Outlier * Max Outlier
Figure 7-2. Box Plot of Stream Team DO Samples from  Malibu Creek and Reference Sites
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Table 7-2.  Frequency of Low DO Samples at Malibu Cr  eek Stream Team Stations, 1998-2010
Station Description <7 mg/L <6 mg/L <5 mg/L
Malibu Creek, Cross Creek
1 0, 0, 0,
HB-MC-1 Rd. 13.60% 9.30% 7.10%
Malibu Creek at Malibu Creek
HIB-MC-12 State Park 12.70% 7.80% 5.30%
Solstice Creek. National Park
Service Area, upstream of 0% 0% 0%
HtB-SC-14 bridge
HtB-LCH-18 Lachusa Creek 0% 0% 0%
HtB-CC-2 Cold Creek at Piuma Rd 11.40% 8.90% 4.40%
HtB-CC-3 Cold Creek at Stunt Rd 4.40% 3.00% 0.90%
Las Virgenes Creek at Malibu - . o
HtB-LV-5 Creek State Park 4.40% 259 2.00%
Cheseboro Creek, Agoura
HtB-CH-6 Hills 11.20% 5.00% 3.60%
Medea Creek, Cornell at o o o
HtB-MD-7 Kanan Rd. 1182 2:20% 0%
HtB-PC-8 Palo Comado Creek 33.30% 22.10% 15.50%
HtB-LV-9 Las Virgenes Creek 79.60% 71.00% 38.10%
HtB-CC-11 Cold Creek 18.40% 13.30% 11.10%
Las Virgenes Creek, Lost Hills
Rd east of Malibu Hills Rd. 19.90% 4.30% 0%
HtB-LV-13 Apartments
Malibu Creek, Malibu Canyon
Rd. upstream of LA County 14.70% 11.30% 9.20%
HtB-MC-15 Stream Gauge
HtB-STC-16 Stokes Creek Outlet 0% #N/A 0%
Triunfo Creek, Corner of
Kanan Rd. at Troutdale 36.80% 23.80% 17.50%
HtB-TR-17 upstream of bridge
Arroyo Sequit, up Mulholland
HB-AS-19 | Highway 1.1 miles 8.20% 6.50% 0%

The DO samples in the main stem do not seem to ahdear trend over time, although observatiors les

than 5 mg/L appears a little more frequent in régears (Figure 7-3).
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Figure 7-3. DO Concentration versus Time at Malibbu ~ Creek Stream Team Stations 1 and 12

Dissolved oxygen concentrations in shallow flowstgeams are strongly affected by temperature, as
water temperature is a major determinant of theraion DO concentration. The wider range of DO
concentrations observed in the Malibu Creek mamstompared to the reference stations may be due to
greater variability in temperature. Average terapdres at the Malibu Creek sites followed the galner
pattern at the reference sites; however, streampeeature appears to have been impacted by the
characteristics of the watershed (Figure 7-4). NM&12 site was approximately 4 °C cooler during th
winter and 4 °C warmer in the summer than the egi@z sites. The MC-1 site has temperatures that ar
similar to the reference sites during the wintenths but elevated relative to the reference siyesbout

2-3 °C during the summer. The temperature patiaritalibu Creek likely reflect a combination of
effects, including (1) the watershed drains inlarefs that are expected to have higher summer air
temperatures than reference sites in the coasi@a| @) the various impoundments in the watersimag
further increase summer water temperatures, aneff@ts of development, including the presence of
concrete channels and reduced riparian cover gaahtb increased stream heating. The elevated summ
temperatures in Malibu Creek also likely exacerladgal growth problems.
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Figure 7-4.  Average Stream Temperatures in Malibu C reek and at Stream Team Reference Sites

Occasional low DO is a source of stress to biotdatibu Creek. Unfortunately, the Heal the Bay
sampling is not conclusive for analysis of the D& of the Creek because many locations in teelCr
contain high densities of benthic algae. Thesaeatgeate oxygen during daytime photosynthesis and
consume oxygen during overnight respiration, r@syiiin a diurnal pattern in which DO concentrations
tend to be lowest around dawn. Single grab sampseeported by Heal the Bay, are thus of limiteel
in evaluating the full range of DO experienced mtdover the course of the day. Further, thel Hea
Bay database does not show the time of samplectiolte Other researchers (e.g., Gilbert, 2009ghav
demonstrated the existence of strong daily cyclé@®concentration in Malibu Creek, which could
result in acute stress to the benthic community.

Although only limited data are available on dailicles of dissolved oxygen in the watershed., lowi®O
known to occur in some locations with slow-movirgpled water. The State of the Watershed Report
(Sikich et al., 2012), states the following: “24tingamples taken by the Santa Monica Mountains
Resource Conservation District (RCD) at three sititisin the watershed show that some areas
experience significantly decreased dissolved oxygeeentrations during the early morning hours.
Continuous monitoring provides a better assessofextttual DO levels since time of day is taken into
account for each location. DO at some of the R{T& svas highly variable throughout the day, drogpi
far below the 7 mg/L standard for waters designage@OLD... and SPAWN... in Malibu Creek, and
below the 5mg/L standard for waters designated ARM... in the remaining tributaries of 5 mg/L.”
Sikich et al. then present a figure, describedGmtinuous monitoring DO profiles for the Lunch and
Start Pools in lower Malibu Creek, 2010 Water Qyadllonitoring Final Progress Report, Resource
Conservation District of the Santa Monica Mountalbata graphed were collected between August 11,
2009 and September 1, 2009. Start Pool is appragiyna50m upstream of Site 1 (outlet of Malibu
Creek) and Lunch Poal is approximately 720m upstre&Start Pool.” This figure is reproduced below
(Figure 7-5).

Note that the Start Pool sonde recorded about BsHmlow 2 mg/L, a condition that would be fatal to
many aquatic organisms. Thus, there are at least $ocations where low DO is a significant probiam
the watershed; however, the spatial extent of soolditions is not known. Severe diurnal depression
DO is less likely to occur in shallower, fastenflong reaches of the stream.
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Figure 7-5.  Dissolved Oxygen Profiles in Lower Mali -~ bu Creek Pools (from Sikich et al., 2012)

Sikich et al. also discuss low DO within Malibu loan (citing Briscoe et al., 2002, and Ambrose et al
1995): “The Malibu Lagoon suffers low Dissolved @y (DO) levels, a condition that threatens aquatic
life. Ina 2005 study, pre-dawn dissolved oxygenoentrations averaged 1.15 + 0.12 mg/L SE,
significantly below Basin Plan thresholds Concatidins below 5 mg/L threaten aquatic life survival,
and periods of low dissolved oxygen and low spegdiesrsity have been recorded in the Lagoon since
the early 1990s. For this reason, along with esttensedimentation and eutrophication, a compra¥ens
planning effort was initiated in the late 1990s aady 2000s to restore the Malibu Lagoon, with the
primary objectives of improving water quality thghuincreased circulation and enhancing Lagoon
habitat for birds, fish and invertebrates.”

7.3 CONDUCTIVITY AND DISSOLVED SOLIDS DATA ANALYSES

Malibu Creek is characterized by brackish watethwwiedian specific conductance greater than 1,800
pS/cmin the lower creek below the LA County gagitagion and higher concentrations, typically great
than 3,000 uS/cm, in the northern headwaters atheve01 freeway (LVMWD, 2011). Stream Team
conductivity sampling for the main stem stationd eaference sites is shown in Table 7-3. Restdts f
the MCWMP MAL station are similar to those reporfedMC-1, with an average of 1,862 uS/cm.

Table 7-3.  Stream Team Conductivity Sample Summary,  1998-2010

Solstice Lachusa Applicable
Site MC-1 MC-12 MC-15 (14) (18) Criteria
Sample Count 117 70 25 72 61
Average 1,877 2,287 2,151 1,185 1,505
. ~2,985 (based
(Cosr}g‘rﬁ“‘"ty Min 13 903 1,030 368 16 | on TDS of
H 2,000 mg/L)
Max 3,690 15,500 3,080 1,424 1,702
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There is no water quality criterion for electricainductivity applicable to Malibu Creek. Elevated
conductivity and total dissolved solids (TDS) aramarily due to ionic salt content of the waterheFe is
a TDS standard of 2,000 mg/L as a specific objedtiv the Malibu Creek watershed in the Basin Plan.

The relationship between TDS and conductivity delpeom the specific ions involved, their molecular
weight, and their valence. However, a standam ofithumb is that TDS is approximately equal to

0.67 times conductivity for a typical ionic conterithis suggests that a conductivity of 2,985 uS/cm
could be an informative screening criterion for MalCreek. Conductivity measurements occasionally
exceed this value in the Malibu Creek main stem g@rcent at MC-1 and 4.7 percent at MC-12), bttt no
in the reference sites (Figure 7-6).
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Figure 7-6. Box Plot of Conductivity Measurements f ~ rom Malibu Creek and Reference Sites

7.4 SUSPENDED SOLIDS AND TURBIDITY DATA ANALYSES
74.1 Suspended Solids

Monitoring of suspended solids in Malibu Creekinsited, and this parameter is not collected by the
Stream Team. MCWMP samples from station MAL havaerage TSS of 3.6 mg/L, based on two wet
weather samples in the database.

The mass emissions station monitoring shows thydt $iispended solids concentrations do occur. The
maximum reported concentration is 3,196 mg/L aredd® percentile value is 394 mg/L. LACDPW has
performed trend analysis on total suspended sdétscollected at the Malibu Creek mass emissions

station. The most recent analysis (LACDPW, 20Hgcted a decreasing trend that was not statigtical

significant at the 5 percent level (Figure 7-7heTrend does reflect one extremely high outliesepbed
during a storm event in 2006.
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Figure 7-7. Malibu Creek Total Suspended Solids Con  centration versus Time
(from LACDPW, 2010)

7.4.2 Turbidity

The water quality standards for turbidity are base@levation relative to natural conditions: A 20
percent increase above background is the maximlowved. The turbidity values reported in Heal the
Bay sampling are generally low (Table 7-4). Heal Bay samples monthly throughout the year,
encompassing both wet and dry seasons, but nofispig targeting specific conditions.. Turbiditg
the main stem of Malibu Creek is clearly greatamtht the reference sites (Figure 7-8).

Table 7-4. ~ Stream Team Turbidity Sample Summary, 19 98-2010

Solstice Lachusa Applicable
Site MC-1 MC-12 MC-15 (14) (18) Criteria
Sample Count 117 70 25 72 61
Average 1.94 131 2.62 0.75 0.27
Turbidity . <20% above
(NTU) Min 0 0.03 0 0 0 background
Max 40 149 35.5 39.5 3.1
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Figure 7-8.  Box Plot of Turbidity Measurements from Malibu Creek and Reference Sites

Average reported turbidity values are compared bytimin Table 7-5 and Figure 7-9. For most months,
average turbidity at the reference sites is omther of 0.1 NTU, while that in the main stem istb@
order of 1 NTU.

Table 7-5.  Average Monthly Turbidity in Malibu Cree  k, Stream Team Data

MC-1 MC-12 Lachusa 18 Solstice 14
Month Average Count | Average Count Average Count Average Count
January 0.89 9 1.52 5 0.15 3 0.02 4
February 5.63 10 4.47 6 0.21 4 7.12 6
March 5.57 11 2.80 6 0.71 6 0.22 7
April 1.23 10 0.61 7 0.08 7 0.11 7
May 141 10 0.51 6 0.17 5 0.24 7
June 1.01 10 0.80 5 0.28 5 0.16 5
July 1.13 9 0.71 5 0.29 4 0.15 6
August 1.03 8 1.05 4 0.24 4 0.04 6
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MC-1 MC-12 Lachusa 18 Solstice 14
Month Average Count | Average Count Average Count Average Count
September 1.38 8 0.90 6 0.09 5 0.20 5
October 0.79 9 0.47 6 0.15 5 0.17 5
November 1.01 10 0.88 6 0.05 4 0.01 6
December 1.29 10 0.85 6 0.67 5 0.24 5
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Figure 7-9. _Monthly Average Turbidity in Malibu Cre and Stream Team Reference Sites

7.4.3 USEPA Analysis of TSS and Turbidity Relationship

Between February 16, 2011 and April 25, 2012, USEB#pleted turbidity and suspended sediment

sampling at Malibu Creek site MC-1. A multiparasreiatasonde with real time web available data

was deployed at the site on lower Malibu Creek myithis time period; this was connected to an

automatic sampler, set to trigger on pre-set titpideasurements. The goal of this sampling effort

was to determine if a relationship between turlpidind suspended sediment transport in the Creek
could be established.

A water quality monitoring station was establisbh@drebruary 16, 2011 on Malibu Creek, about 250
meters northwest and upstream from the Cross GReekl Bridge. The USGS Gaging Station 11105510
on Malibu Creek is located just upstream of thatde. Discharge data used in our analysis canm fro
that gaging station. The gaging station colle@slihrge and stage data on a 15 minute interviad T
monitoring station included a multiparameter wageality datasonde, a datalogger, a cell phone modem
for real time access to the data, and an autoncaiegosite sampler. During the original set up, the
sampler was programmed to collect samples wheditylwas > 20 NTUs.
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On March 20, 2011 a flood event of about 9000 CéSined in the watershed and the equipment was
damaged. During the remainder of the monitoringppe the turbidity trigger was set to >50 NTU to
avoid spurious sample collection, that did not espiond to real rain/sediment transport everts.

The station collected 27,128 data points duringdgy@loyment. During the same time period, the USGS
gaging station collected 39,273 data points out pbssible 39,399. After review of all the datatadof
guestionable quality was removed from the databssted on USEPA's best professional judgment. Since
the turbidity sensor was occasionally impactedddyrid or dirt, resulting in spurious values, somkiges
were removed resulting in a total of 26,913 tuttlyidialues collected. Turbidity values were asstsse

with other indicators of flow (i.e., increases ipth or discharge, rainfall at the local meteoriglaly

stations, or decreases in conductivity). The syimset load estimates were made with both the raw
turbidity and the edited turbidity values.

Rainfall data from two nearby CIMIS weather stasig@ amarillo and Santa Monica) was used to assess
the potential for turbidity events in the data s described below. During the deployment period
rainfall data indicate that there were 17 potemtiaifall events that may have generated storntectla
turbid flows. Due to sampler damage and non-triggeturbidity levels, only three of the rainfalents

led to successful collection of samples (i.e., cornt data pairs).

For the three successfully sampled events there 8&samples generated where there are concurrent
measurements of turbidity, SSC and flow. The samppan the range of flows from 9.8 CFS to 1660
CFS. Of the 39,273 readings recorded during tiptogienent period, only 67 (0.17%) were > 1660
CFS. The flowin the creek was between 9.8 CF8 1&60 CFS 42% of the time. Storm flows that
generate high turbidity and solids transport amy vare at flows lower than those that were

sampled. This data set includes values that repteke typical ranges of flows in the system, \lidn
exception of really large events. The impact aflyelarge events is difficult to characterize,andy be
very significant in terms of material moved.

Figure 7-10 shows the linear relationship basetherb0 concurrent data pairs used in the analydteo
SSC-Turbidity relationship. This final linear rémship and does not included data with low tuitked
and was based on a best fit line drawn. This rasualws that for average typical ranges of flowthin
Creek, there is a good relationship between tuspatid suspended solids, and suggests that tyrioialit
be an excellent surrogate for suspended solidsectration in Malibu Creek.

Use of this equation provides an estimate of 2 865kg or 2,608 English tons of suspended sediment
during the 68.3 percent of the time period sucadlgssampled between 2/16/11 and 4/25/12, most of i
within the large event of 3/25/12. Total loads evevidently much higher, as the very large event of
3/20/11 was not successfully sampled.
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Figure 7-10. Linear relationship between suspended sediment concentration and turbidity at
Malibu Creek above the USGS gage station

Further investigation of the turbidity concentratioom a representative non-impacted portion of the
watershed could better inform the change in sedihoaning overtime.

7.5 NUTRIENTS DATA ANALYSES

The majority of sampling for nutrients in Malibue@k has primarily been focused on inorganic nutrien
species only. This can be problematic in aredsgif algal density since algae may control the plexk
inorganic nutrients, rather than the inorganicieats controlling the algal density; for this reasbodds
et al. (2002, 2006) found that total nitrogen (Ml total phosphorus (TP) are better predictors of
benthic algal response than the inorganic formsMadlibu Creek streams, we find algal responseiteb
indicated by TN and TP.

Heal the Bay stream monitoring includes only inmiganutrients. Results for the main stem Malibu
stations are shown in Table 7-6. Concentratioeshagher below Tapia (MC-1 and MC-15), as reflected
by samples collected during discharge periods afioré the prohibition on summer discharges.

Table 7-6.  Heal the Bay Stream Team Malibu Creek Ma  instem Nutrient Sample Summary, 1998-

2010
Site MC-1 MC-12 MC-15 | Applicable Criteria

Sample Count 117 70 25

Average 2.46 0.08 2.18 . .

<1 mg/L in main
NOx-N . stem, 4/15-11/15
(mg/L) Median 0.35 0.03 1.27 (TMDL); <8 mg/L
] winter
Min 0 0 0.04
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Max 13.05 0.86 6.84

Excursions of summer target 7.69% 0% 30.8%

Excursions of summer target 2005+ 0% 0% 30.8%

Excursions of winter target 12.5% 0% 0%

Average 0.17 0.07 0.30
Total | Median 0.06 0.05 0.09
Ammonia pH dependent (1.2
asN , —28mglL)
(mg/L) Min 0 0 0

Max 7.05 0.5 2.57

Average 1.82 0.27 151

Median 142 0.27 0.65

Min 0.33 0.03 0.17 | <0.1 mg/L in main
I(Drr?4f|3 stem, 4/15-11/15

g Max 5.46 051 5.12 | (TMDL)
Excursions 27.69% 92.68% 100%
Excursions 2005+ 16.67% 95.00% 100%

Median concentrations at other Heal the Bay stataya summarized in Table 7-7. The sites with the
highest nitrate concentrations (LV5, MD7, LV13, M&) Bre all downstream of developed areas. Seven
of the sites (CC3, CH6, PC8, LV9, SC14, LCH18, A%19) drain relatively undisturbed areas,
including the Lachusa and Solstice Creek statib@d418, SC14) proposed as reference sites by Heal th
Bay. Median nitrate-N concentrations at thesestndied sites range from 0.01 to 0.03 mg/L. Only
Solstice Creek (SC14) reports a median greater@t@dn and Sikich et al. (2012) report that nitroge
concentrations at this site are influenced by kifgpseptic system. Two of the undisturbed si@dq

on Cheseboro Creek and LV9, on upper Las VirgemesK} predominantly drain the Modelo formation,
but do not show elevated nitrate-N concentratidnscontrast, for orthophosphate-P, there appede t

a clear difference for sites that drain the Modetmation: The undisturbed sites that do not dtian
Modelo formation have median orthophosphate-P autnations that range from 0.06 to 0.14 mg/L,

while the two that do drain the Modelo formatiowdanedian orthophosphate-P concentrations of 0.44
and 0.55 mg/L.

Table 7-7.  Heal the Bay Median Nutrient Concentrati  ons at Other Stations

Orthophosphate -P
Station Nitrate-N (mg/L) Ammonia-N (mg/L) (mg/L)
Htbh_CC2 043 0.030 0.24
HtB-CC3 0.010 0.010 0.06
HtB-LV5 424 0.040 0.44
HtB-CH6 0.005 0.030 0.42
HtB-MD7 074 0.090 0.39
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Orthophosphate -P

Station Nitrate-N (mg/L) Ammonia-N (mg/L) (mg/L)
HtB-PC8 0.005 0.030 0.13
HtB-LV9 0.005 0.020 0.55
HtB-CC11 0.02 0.030 0.15
HtB-LV13 1.22 0.070 0.69
HtB-SC14 0.030 0.030 0.080
HtB-MC15 1.23 0.090 0.65
HtB-STC16 045 0.060 0.38
HtB-TR17 0.15 0.040 0.32
HtB-LCH18 0.010 0.030 0.12
HtB-AS19 0.010 0.030 0.14

As noted above, inorganic nutrient concentratidoseadoes not appear to reveal the full potential f
nutrient-induced algal growth. The best evidemmretlie spatial distribution of TN concentrationglia
watershed is from the MCWMP sampling (which did imotude TP). This includes one station from the
main stem (MAL) (located downstream of the Tapiates discharge) and results from several other
stations in Table 7-8. The CC station is in atredty undisturbed area and shows consistently low
median inorganic N concentrations (0.01 in bothsemand winter); however the median total N
concentration is 0.06 in summer and 0.56 in wintdost of the remaining stations are influenced by
development and/or agriculture, although LV1 istegzam of most anthropogenic influences (and
downstream of HtB-LV9). Concentrations of inorgaNi@t LV1 are higher than at HtB-LV9, with
inorganic N in the 0.3 — 0.35 mg/L range and tbtah the 1.22 to 1.73 mg/L range The reasons are
unknown, but the presence of unstable stream tamdkdlegal dump sites above this station (Sikich e
al., 2012) are possible contributing factors

Table 7-8.  MCWMP Nutrient Sampling at Selected Stat ions, Median Results by Season, 2005-
2007
TN (mg/L) Inorganic N (mg/L) Inorganic P (mg/L)
Station SUMMER WINTER SUMMER WINTER SUMMER WINTER
MAL 0.49 3.27 0.04 212 0.21 0.50
CC 0.06 0.56 0.01 0.01 0.05 0.04
MED1 0.84 0.75 0.01 0.01 0.09 0.09
MED2 0.67 0.96 0.03 0.08 0.12 0.09
Lv1 1.33 1.73 0.30 0.35 0.07 0.11
Lv2 3.36 451 3.01 3.19 0.22 0.19

Additional monitoring of total N concentrationsthre watershed has been conducted by LACDPW at the
mass emissions station on Malibu Creek, downstrefaie Tapia WRF discharge. This monitoring has
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focused on winter wet weather events, with relégigenall amounts of sampling during the summer dry
period.

Time series of total N at this station show thaitrf® other than nitrate-N may constitute a significa
amount of total N (Figure 7-11). The overall Sthdis are elevated by the Tapia winter dischangith,
total N concentrations during the non-dischargéoplesince 2005 in the range of 1.6 to 1.9 mg/L (€ab
7-9).
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Figure 7-11. Total and Nitrate-N Monitoring at LACD = PW Mass Emissions Station

Table 7-9.  Total and Nitrate-N Statistics at LACDPW ~ Mass Emissions Station on Malibu Creek
TN, TN,
Count median NO3-N, median average NOz-N, average
All Data 64 4.15 2.23 4.32 2.65
Non-discharge period
(Apr. 15 — Nov. 15) 21 2.59 1.17 3.02 1.82
Discharge period
(Nov. 16- Apr. 14) 43 4.88 2.60 4.95 3.05
Non-discharge
period, 2005-2011+ 11 1.65 0.95 1.89 111

Additional inorganic nutrient sampling at multigttions in the watershed is summarized in LVMWD
(2011); however, the LVMWD sampling does not inéudtal N or total P.

Total nutrient concentrations are also availalbenfa special study conducted in 2001 and 2002 tegbor
by Busse et al. (2003, 2006). Busse et al. clagsdites as Reference (minimal human impact), IRara
one of several developed categories (Residentiah@ercial, Multiple, Horse, Golf), along with sites
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upstream and downstream of Tapia. Several oftttimes correspond to Heal the Bay sampling sites;
however, georeferencing information has not bedaiodd. Samples were taken in August and October
2001 and June and August 2002. The reference agtesell as several of the other sites, show amting

N as a small fraction of total N.

Table 7-10. Total and Inorganic Nutrient Statistics  from Busse et al. (2003)

Sample Total N Inorganic Total P Inorganic

Site Count (mg/L) N (mg/L) (mg/L) P (mg/L)
Reference Sites
Cold Creek, Mountains Restoration Trust Lands 4 0.666 0.025 0.070 0.026
rao Comado Creek Santa Monica Mountains 2 0.371 0.010 0.028 0.008
Rural Sites
Cold Creek at Piuma Road 2 0.441 0.266 0.076 0.028
Cold Creek off Cold Canyon Road 2 0.546 0.073 0.037 0.019
Developed Sites
Medea Creek at Conifer St. in Agoura Hills 4 0.566 0.070 0.130 0.096
Lindero Creek near Falling Star Lane 2 0.839 0.222 0.112 0.026
Lindero Creek at Lindero Country Club 2 1.525 0.422 0.144 0.085
Triunfo Creek off Triunfo Canyon Road 2 0.394 0.022 0.098 0.028
Medea Creek close to Chumash Park 4 1.000 0.455 0.143 0.074
Medea Creek south of Agoura Road 1 1.418 0.427 0.087 0.092
e e T | 1| o7 zam| o] oz
Downstream Sites
Malibu Creek, Malibu State Park, above Tapia 2 0.564 0.043 0.118 0.058
#/I;\éi% Creek, upstream of gaging station, below 3 1.060 0.473 0.211 0.165

7.5.1 Nitrate plus Nitrite N Trends

The 2003 nutrient TMDL established targets foratérplus nitrite N of less than 1 mg/L in the Malib
Creek main stem for the period of April 15 to Nowmm 15 and less than 8 mg/L for the remainderef th
year. There is also a numeric objective for rétfdtof 10 mg/L in the Basin Plan. Examinationh t

full Stream Team data set (all years and all segssiows that concentrations are clearly elevatdaea
downstream station, MC-1, while concentrations ngash of Tapia at MC-12 are not much different from
the reference sites (Figure 7-12). Indeed, MC-ditentrations have not been noted in excess df the
mg/L target, yet mat algal coverage remains hige {glow, Section 8.3). Time series at MC-1 fer th
year and for the 4/15-11/15 period show a decreetde frequency of high concentration events over
time (Figure 7-13). It should be noted, howeviaif Excess periphyton growth can occur at
concentrations less than 1 mg/L (e.g., Dodds anithy2000).
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Figure 7-12. Boxplot of Nitrate plus Nitrite-N Meas

Reference Sites (All Years and All Seasons)

Results reported by LVMWD (2011) suggest that tlelien nitrate-N concentration is about 1.0 mg/L
upstream of the Tapia discharge and 1.90 mg/L dvasus.

urements from Stream Team Malibu Creek and
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Figure 7-13. Time Series of Nitrate plus Nitrate N

April 15 — November 15 (right)

at Station MC-1 for the Full Year (left) and for

LVMWD (2011) suggests that nitrate concentrationthe watershed are naturally elevated in runodf du
to the Monterey/Modelo formation, and notes the/ated concentration in Las Virgenes Creek (median
of 2.88 mg/L). Figure 7-14 compares average mithiconcentrations at stations with significant
amounts of data. The highest concentrations aeeish found in the stations in the Modelo formation;
however, at LV-9 and CH-6, both of which drain pmms of the Modelo Formation, the nitrate-N (and
also the ammonia-N) concentrations are near zéis.noteworthy that these two stations are upsire
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of most high density development in the watershdwreas the other Modelo formation stations are
downstream of high density development areas.

At Las Virgenes Creek, station LV-9, upstream ofelepment, had an average nitrate-N concentration
of 0.009 mg/L; station LV-13, in the midst of thewvelopment near highway 101, had an average of 1.26
mg/L; and LV-5, downstream station showed an aveg.25 mg/L. It appears that the elevated taitra
concentrations are influenced by the amount of ldgwveent upstream, and not necessarily due to the
Modelo Formation. Concentrations in the main stepresent a mix of concentrations at the upstream
stations and appear to be influenced by the highemtrations at LV-5.
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Figure 7-14. Average Nitrate-N Concentrations at St ream Team Sampling Sites

Results from MCWMP sampling provide similar insghtBoth stations LV1 and LV2 drain the Modelo
formation, but LV2 is downstream of developmentlev/hivVl drains open space. Summer median
inorganic N concentration was 0.30 at LV1; the ladhcentration was 3.01 (Table 7-8), suggesting that
the increased inorganic N concentrations are negeciated with development than with geology. The
undeveloped CC station also showed low nitroge rcentmations.

7.5.2 Ammonia N Trends

Ammonia concentrations are generally low in theiblaCreek main stem, with a few high outliers. The
main stem stations may be slightly elevated redativthe reference sites (Figure 7-15). The aitieyia

for ammonia are pH dependent. Comparing each wdisem to the corresponding acute criterion
concentration (including recent data from MC-15)e@ed no excursions of the acute ammonia criterion
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Figure 7-15. Boxplot of Anmmonia as N Measurements f  rom Malibu Creek and Stream Team
Reference Sites

7.5.3 Orthophosphate as P Trends

As with nitrate N, the 2003 nutrient TMDL estabbsha target concentration for total P. This is

0.1 mg/L, applicable from April 15 through Novemlér. Heal the Bay does not monitor total P, but
instead reports P£P. Average concentrations of PP (all time periods) in the Stream Team sampling
are greater than 1 mg/L at both MC-1 and MC-15,mkiveam of the Tapia discharge, and are clearly
elevated compared with the reference stations (Eigtl6). Concentrations at MC-12, upstream of
Tapia, are more similar to the reference sitesgesiing that winter and historic summer loadingrfro
Tapia continues to affect concentrations of ortlogpihate in Malibu Creek. Time series of obserwatio
at MC-1 during the summer TMDL period show littlectine with time and continue to be frequently
above 1 mg/L (Figure 7-17).

LVMWD (2011) shows somewhat lower orthophosphateceatrations in lower Malibu Creek with an
overall median of 0.48 mg/L; but this is still aleathe target. Average concentration during summer
2009 at MC-1 was 1.16 mg/L. In general, the 200&idnt TMDL targets have not been achieved4-PO
P concentrations in lower Malibu Creek are highbvated, and typically higher than the inorganic N
concentrations, suggesting that phosphorus ismitrig algal growth. The high nutrient concerivas
present at MC-1 suggest that both phosphorus aratyen are present at concentrations that likely
promote algal growth. This matches well with tesuits from USEPA'’s physical habitat assessment,
which showed a high percentage of algal coverérstteam at MC-1.
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Figure 7-16. Boxplot of PO 4-P Measurements from Malibu Creek and Stream Team R  eference
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Figure 7-17. Time Series of PO 4-P Concentrations at MC-1 during the Summer (4/15-1  1/15) TMDL
Period

As with nitrate-N, LVMWD (2011) suggests that el®d P concentrations in the watershed are mainly
due to runoff from the Modelo formation. Averag®HP concentrations inthe lower main stem are
compared to concentrations in upstream stationstored by the Stream Team in Figure 7-18. Some of
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the observed concentrations in the Modelo formatieonl to be higher than those in areas of other
geology. Inthe Stream Team data, there doesppataa to be a strong correlation between concéanirat
and intensity of development. MCWMP data do sHoat brthophosphate concentrations are higher at
LV2 than at LV1, while the median at LV1 appeartyatightly elevated relative to the CC station
(undeveloped, not draining the Model formationpn€entrations of orthophosphate in the lower main
stem are much higher than those seen at any afdteeam stations — likely due to continued cycbng
phosphorus previously discharged to the systenstumed in stream sediments. However, the
considerably elevated concentrations at MC1 and B/@dicate that the Modelo formation is not the
only cause of elevated orthophosphate concentmiiothe watershed. Note that CH6, a relatively un
impacted site draining the Modelo formation, shawsrage orthophosphate concentrations of 0.42 mg/L.
Overall, the average phosphate concentrationsevated four-fold at those sites draining the Model
formation, elevated near twenty-fold at the sitesmkstream of Tapia’s discharge, and hovering around
the criterion level at the non-Modelo formatioresi{Figure 7-18). These observations suggest that
phosphate concentrations are consistently elevatde water and a large contributing source ofgne
for primary production.
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Figure 7-18. Average PO ,-P Concentrations at Heal the Bay Monitoring Sites

7.5.4 Nutrient Reference Conditions in the Malibu Creek Watershed

The Malibu Creek watershed is clearly affected lbyated nutrients. However, in some circumstances
nutrients may be elevated due to natural geologieadiitions, such as drainage from marine sediments
A detailed review of the natural or reference ctiads helped define the minimum level of nutrient
enrichment that is attainable in the watershed,

Similar to the 2003 Nutrient TMDL, USEPA utilizebt reference waterbody approach to develop
numeric targets for impaired waterbodies withinfMaibu watershed. This approach is described in
USEPA guidance (USEPA, 2000a, 2000b). For stretimaseference approach involves using
undisturbed stream segments to serve as exampbeeloground nutrient concentrations (USEPA,
2000b). USEPA assessed the natural backgroureference conditions for nutrients in the Malibu
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watershed are based on the best available datmfanchation. Although available data exists to
determine the best approximation of the naturakdpamind levels of TN and TP, there is some
uncertainty due to observations that eutrophicesyst such as Malibu Creek Watershed (with high tota
N and total P), may show low inorganic N and/orgamic P concentrations if more bioavailable forms
of nutrients are already rapidly taken up by al@sethey become available through the decay oficga
matter). Thus, primarily examining the inorganioNP concentrations may not capture the excessive
concentrations already converted to organic foimas, @lgae). This trend has been observed in this
watershed when extensive algal coverage was olisana®njunction with very low nitrate
concentrations.

Malibu Creek watershed has unique geology, withyraeas of marine sediments with the Modelo
formation. For nitrate-N, median concentrationp@ential reference sites without significant
anthropogenic disturbance appear to be less t8nnigy/L and mostly less than 0.01 mg/L for many
sites both in and outside the Modelo formatiorh@lgh there appear to be higher concentratiorgeat t
MCWMP LV1 station (median 0.30 and 0.35 mg/L in snem and winter, respectively, perhaps
increased by the presence of illegal dump sitesuasthble stream banks in this reach) (Table 7-1r1).
contrast, sites downstream of development tend¥e higher concentrations of both nitrate and fdtal

The median total N concentration at the MCWMP. LYétien (draining the Modelo formation) is 1.33
mg/L in summer and 1.73 mg/L in winter. Referesites reported by Busse et al. (2003) on Cold Creek
and Palo Comado Creek appear to have lower totaingentrations (averages of 0.67 and 0.37 mg/L).
Unfortunately, the total N concentration at othetemtial reference sites has not been monitoredsand
not known. For comparison, the survey of nutridata for Level 3 ecoregion 6 (Southern and Central
California Chaparral and Oak Woodlands, which idekithe Malibu watershed; USEPA, 2000d)
suggests reference conditions of 0.155 mg/L nifpéte nitrite N and 0.518 mg/L total N. Interesting
averaging the TN concentrations from Cold and Ralmado Creek together results in 0.52 mg/L,
exactly the recommended reference condition foewel3 ecoregion 6 area.. The data in Busse et al.
(2003) suggest that the inorganic N to total Noratireference sites may be has high as 38. &hus,
nitrate-N concentration on the order of 0.01 — 0M@8L would correspond to a total N concentration i
the range of 0.38 to 1.1 mg/L Thus, natural thtalbncentrations for the Malibu watershed couldbe
low as about 0.03 mg/L if the nitrate N concentnatis less than 0.01 mg/L (Table 7-11). Our dedhil
discussion provided earlier suggests strongly tii@presence of Modelo formation has little to fiea
oninorganic and organic nitrogen levels in thist§¥shed.

However, for phosphorus, the Modelo formation mesutt in somewhat elevated levels for reference
conditions. Only inorganic P has been monitorguontial reference sites, except for the results
Busse et al. (2003). Median orthophosphate P curdéons at potential reference sites outside the
Modelo formation appear to be 0.14 mg/L or lesgsh(average total P concentrations of 0.07 mg/L or
less at Busse'’s reference sites); however, thetepmedian concentrations at relatively undistdrbe
stations within the Modelo formation are as higid&5 mg/L — suggesting that nitrogen is likely the
limiting nutrient for algal growth under naturalrditions within this watershed, with P typicallyegent

at concentrations in excess of algal growth re quénets based on a typical ratio of plant cell
concentration of 7.2:1 N:P on a mass basis (Talil#).7 However, it should be re-iterated that
considerably elevated concentrations at MC1 and B/&ggest the Modelo formation is not the only
cause of elevated orthophosphate concentratictheiwatershed. Although there is some indicatian t
Modelo formation leads to somewhat elevated TP entmations, the substantial elevated orthophosphate
levels downstream of Tapia’s discharge (more thaamty-fold) suggest that phosphorus concentrations
are consistently elevated in the water Creek agwhaistent source of available energy for algal
production.
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In sum, evidence to date indicate that naturareei®e conditions for the Malibu Creek watershecehav
central tendency for the summer period of betweB2 00.67 mg/L total N and 0.07 mg/L total P odesi
the Modelo formation, and around 1.30 mg/L totemdl 0.55 mg/L total P within the Modelo formation
(assuming that most phosphorus would be presemttasphosphate in areas of significant P surplus).

Table 7-11. Summary of observed nutrient concentra  tions at reference sites in Malibu Creek

Watershed
Site/Source TN (mg/L) NOs-N (mg/L) TP (mg/L) PO,4-P (mg/L)

Reference Sites <0.03

w/o Modelo 0.01-0.03 0.07 <0.14

w/ Modelo 0.01-0.03 0.55
LV1 (Modelo) 1.33 0.30
summer*
LV1 winter* 173 0.35
Cold Creek 0.67
Palo Comado 0.37
Creek
Level 3 Ecoregion 0.518 0.155
(USEPA, 2000d)

*There is good indication that this elevated level at LV1 is affected by illegal dump sites nearby and unstable stream
banks in the reach (Busse et al. 2003).

7.6 PESTICIDES DATA ANALYSES

Brown and Bay (2005) conducted additional studfesrganophosphorus pesticides in the Malibu Creek
Watershed, sampling two dry and two storm even202-2003. Diazinon was the only
organophosphorus pesticide detected in any ofrtheksamples, with measurable amounts in mosieof th
dry-weather samples from Medea Creek, and botheo§tormwater samples from Malibu Creek.
Concentrations of diazinon in some samples excetrde@alifornia Department of Fish and Game
chronic criterion by up to a factor of 14 in Medegeek. Concentrations within the Malibu Creek main
stem did not appear sufficiently high to be a digant source of toxicity.
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8.Biological and Habitat Data and Analysis

Analysis of biological and habitat data provide iiddal information regarding benthic impairments.
These data are described in detail below.

8.1 MALIBU CREEK MAIN STEM AND TRIBUTARIES

8.1.1 Inventory of Biological and Habitat Data

Biological and habitat data have been collectedaitibu Creek by Los Angeles County Flood Control
District, Heal the Bay, Inc., LVMWD, and others hédCounty, the water district, USEPA, and SCCWRP
have also collected biological data in Malibu Lago@n inventory is provided in Appendix A. For
Malibu Creek, biological sampling locations arewhadn Figure 8-1 (below) and Table 8-1. Intheecas
of Los Angeles County Flood Control District (West@011), fixed sites were monitored through 2008
and randomized sites in 2009 and 2010. Only thedfsites are shown in the table and figure.

Table 8-1.  Biological Sampling Sites in Malibu Cree =k Watershed

Site ID Location Organization Slope
HtB-AS-19 Arroyo Sequit Heal the Bay 3.7%
HtB-CC-11 Cold Creek Heal the Bay 4.6%
HtB-CC-2 Cold Creek Heal the Bay 1.9%
HtB-CC-3 Cold Creek Heal the Bay 11.1%
HtB-CH-6 Cheseboro Creek Heal the Bay 2.2%
HtB-LCH-18 Lachusa Creek Heal the Bay 6.6%
HtB-LV-13 Las Virgenes Creek Heal the Bay 1.7%
HtB-LV-5 Las Virgenes Creek Heal the Bay 1.8%
HtB-LV-9 Las Virgenes Creek Heal the Bay 1.7%
HtB-MC-1 Malibu Creek near mouth Heal the Bay 0.5%
HtB-MC-12 \'\/Ai?:;lzﬂg%igeaf oveLes Heal the Bay 9.5%
BMCAS ?:/I?ellglg Creek below Cold Heal the Bay 2506
HtB-MD-7 Medea Creek Heal the Bay 1.2%
HtB-PC-8 Palo Comado Canyon Heal the Bay 2.9%
HtB-SC-14 Solstice Creek Heal the Bay 3.7%
HtB-STC-16 Stokes Creek Heal the Bay 3.9%
HtB-TR-17 Triunfo Creek Heal the Bay 0.5%
HV Hidden Valley Creek Malibu Creek WMP 0.1%

8-1



Malibu Creek & Lagoon TMDL

December 2012

Site ID Location Organization Slope
LC Liberty Canyon Creek Malibu Creek WMP 2.1%
LIN1 Lindero Creek Malibu Creek WMP 0.9%
LIN2 Lindero Creek Malibu Creek WMP 2.8%
LVv1i Las Virgenes Creek Malibu Creek WMP 1.2%
LV2 Las Virgenes Creek Malibu Creek WMP 1.6%
MAL Malibu Creek near Mouth Malibu Creek WMP 1.7%
MED1 Medea Creek Malibu Creek WMP 1.3%
MED2 Medea Creek Malibu Creek WMP 1.2%
PC Potrero Creek Malibu Creek WMP 0.5%
TRI Triunfo Creek Malibu Creek WMP 1.0%
LVMWD R-11 Malibu Lagoon LVMWD NA
LVMWD R-4 Malibu Creek LVMWD 0.5%
LVMWD R-3 Malibu Creek LVMWD 1.0%
LVMWD R-13 Malibu Creek LVMWD 0.3%
LVMWD R-2 Malibu Creek LVMWD <0.1%
LVMWD R-1 Malibu Creek LVMWD 0.5%
LVMWD R-9 Malibu Creek LVMWD 0.3%
LVMWD R-7 Las Virgenes Creek LVMWD 1.6%
LACo_15 Medea Creek LA Co. FCD 2.1%
LACo_16 Las Virgenes Creek LA Co. FCD 1.2%
LACo 17 Cold Creek LA Co. FCD 4.4%
LACo 18 Triunfo Creek LA Co. FCD 0.8%
EPA-1 Malibu Creek USEPA 2.5%
EPA-2 Malibu Creek USEPA 2.0%
EPA-3 Malibu Creek USEPA 0.8%
EPA-4 Las Virgenes Creek USEPA 0.6%

In this table, stream gradient is evaluated aagaevealed by the 10 meter (m) DEM (as well asra 3

DEM available for the coastal area only) by usimg fiollowing procedure:

1. Buffer each monitoring point by a circle with radiof 1,000 feet.
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2. Determine stream elevations at the upstream andistozam locations where the stream crosses
the circle

3. Divide by the stream reach length (from Nationatlkhdgraphy Dataset [NHD]) to get the
gradient

These results are shown in Table 8-1 and suggesta®f the sites are essentially low gradiersgle
than 1%), including the lower Malibu Creek siteheTgradient estimates should, however, be used with
caution because the DEM, even at 10 m resoluti@y, not resolve the stream surface elevation very
well. Also, the results do not match up very weth the percent gradient results given for the MG®/
sites in the 2005 report (which says, for instaticzt the lower Malibu Creek site had a 3 percent
gradient). Those results were obtained by anrioatieter over a thalweg distance of 100 m, andes |
precise (the 2005 report shows percent gradiewhade integers of 1, 2, or 3 percent only).

HtB-PC-8
HtB-LV-9

PALO,
COMADO.
CREEK

MEDEA

1
1
1
1
1
1
1
1
1
1
i

CREEK!

1

LLAC0. 16

LAS VIRGENES
CREEK!

HtB-LV-13
HtB-CC-3

HtB-MD-7 ! < LYMWD-R7 STOKES
CREEK

EPA-4

LAC0 17

Ventura .

2D
Count; - 2
y _-~ Los Angeles LACo0'18 < v
> e County 15
- HtB-MC-12
! TR LVMWD-R13
N HtB- H
HIB-AS-19 DMWDRY HIB-CC-2
Legend o
g HtB-LV-5
LVMWD-R1 LVMWD-R2
O EPA EPA-1
@ LACounty o HtB-MC-15
~ - O HtB:I'CH-18 P
@ LmMwD S O =T
) ~ HtB-SC-14) a0 pe '
©  Heal the Bay Sites a ) - LVMWD-R4,
X ~ - LVMWD-R3
Major Waterway N &
Major Waterbody
- All Sampling Sites N o 1 2 4
1 CountyBoundary Malibu Creek Watershed — — lometers @ TETRA TECH
|:| Malibu Watershed NAD_1983 StePlane_Calfarria V_FPS_0405 Feet 0 1 2 i
Map produced 11-12-2012- H. Nicholas iles

Figure 8-1. Benthic Macroinvertebrate Sampling Site s in the Malibu Watershed

8.1.2 Stream Benthic Macroinvertebrate Data

The main stem of Malibu Creek is listed as impaladed on poor benthic macroinvertebrate
bioassessments. Sedimentation is also listed gesiried in Malibu Creek, and is closely linked te th
condition of macroinvertebrate communities andrthabitats.

A variety of organizations have collected benthacnoinvertebrate samples inthe Malibu Creek
watershed. The longest period of record and bsiapatial coverage is provided by data collecied b
Heal the Bay since 2000 (see Luce, 2003, for datsani of site selection and methods). Other large
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datasets have been developed by LVMWD and Los Assgébunty. USEPA also collected
macroinvertebrate samples from Malibu Creek and_ttgoon in 2010 and 2011.

This report focuses first on those samples coltefriem the main stem, as that was the originalnined

this TMDL. However, many of the tributaries of NMal Creek, such as Medea Creek and Triunfo Creek,
have also shown poor to very poor bioscores. &halts from the tributaries are examined for addéi
evidence as to the causes of low bioscores in #ia stem.

8.1.3 SC-IBI Scores

Benthic macroinvertebrate data were collected atngrto SWAMP protocols and converted to
bioassessment scores using the SC-IBI (Ode éxGfl5). The raw data are counts of individuals and
measures of richness for taxonomic groups. Theseanverted to an IBI using a scoring system based
on seven component metrics that were selected be¢hay demonstrated correlation to disturbance
variables and were non-redundant. Metric scom® fzero to 10 are assigned to each of the seven
metrics, which are then summed (with a maximumesodi70) and normalized to a scale of zero to 100.
Ode et al. (2005) used a statistical criterionnaf standard deviations below the mean score from un
impacted reference sites to establish a value elB$@s an impairment threshold. The final catggor
rankings are 0-19 = “very poor,” 20-39 = “poor,”-80 = “fair,” 60-79 = “good,” and 80-100 = “very
good.”

The reference sites defining the SC-IBI are basetvo Omernik Level Il ecoregions in coastal
California: chaparral and oak woodlands (ecore@ipand southern California mountains (ecoregion 8).
Since the majority of the reference sites consitierehe SC-IBI study (Ode et al. 2005) showed
moderate to high gradients, some concerns regatbéngpplicability of the scoring for low gradient
stream sites (e.g., those with a slope of 1 perzelatss) have been raised. Recently, Mazor ¢2@iL0)
demonstrated that the SC-IBI yields reasonablyistar® results in low gradient sites, although
sensitivity to gradients in land cover was poonother important consideration raised is that steshd
sampling methodologies often fail to return theuisite sample size of at least 500 individualsl dev
gradient sites. However, as shown above in Taldleahalysis of DEM data (3 m for the coastal ragio
and 10 m elsewhere) demonstrates that the mag@frggmpling sites on the Malibu Creek main stem had
slopes equal to or greater than 1 percent. Furitee, all the Heal the Bay samples from the mamst
appear to have achieved the requisite sample §6©00

Heal the Bay Benthic Data

A summary of Heal the Bay SC-IBI results for theimgtem of Malibu Creek (Table 8-2 and Figure 8-2)
shows that 41 of 44 samples (93 percent) are emexither poor (yellow) or very poor (red) on th& S

IBl scale. The next table shows Heal the Bay SCrdBults from selected sites in Malibu Creek
tributaries and nearby Solstice and La Chusa Cfemke stations with only one or two samples are
omitted). Medea Creek, Triunfo Creek, and Las &firgs Creek show a preponderance of poor or very
poor results, while other streams showed muchibettilts.
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Table 8-2.  Heal the Bay SC-IBI Bioscores for Mainst em Malibu Creek, 2000 - 2011

Spring Fall Spring Fall Spring Fall Spring Fall | Winter | Spring Fall Spring | Spring | Spring | Spring | Median
Station 2000 2000 2001 2001 2002 2002 2003 2003 2005 2006 2006 2008 2009 2010 2011 (n>5)
MC1 24 39 - 26 23 26 26 21 30 - 25
MC1B 26
MC12 23 33 27 21 31 20 - _Z
MC12A 20 37
MC13 39 23
MC8 36 37
MC8B 23
MC9 33 - 24 43
MC20
MC21 29

Note: SC-IBI scores rated as “poor” are shown in yel

ow; scores rated as “very poor” are shown inred.
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Table 8-3.  Heal the Bay SC-IBI Bioscores for Select ed Tributaries to Malibu Creek and Nearby Streams, = 2000 - 2011

Spring Fall Spring Fall Spring Fall Spring Fall | Winter | Spring Fall Spring | Spring | Spring | Spring | Median
Station 2000 | 2000 | 2001 | 2001 | 2002 2002 2003 | 2003 | 2005 2006 | 2006 | 2008 2009 2010 2011 (n>5)
Cold Creek
CcC2 36 46 73 53 44 27/36 | 31/42 27 20 ﬁ 40
CC3 80 76 92 76 83 80 84 64 61 73 67 79/80 82 66 76
CC11 54 46 56 54 49 40 47 57 37/43 67 54
Las Virgenes Creek

LV5 29 34 33 33 39 26 20 29 26 29
LV9 59 26 46 42 49 41
LV13 26 24 21 27 20

Medea Creek

CANECEES IR 202 ENmmaSS 0 e

Solstice Creek

SC14 87 76 76 67 70 63 60 56 69 49 59 67
sc22 64 53 | 44/46 | 58 58
Arroyo Sequit
As19 | | | | 70 [ 72 [ 66 [ 72 [ 70 | 64 | 57 | | 50 [ 70 | 70 | 64 | 70
Cheseboro Creek
CH6 | | | 59 | 57| 64 | | 49 | | 54 | 43 | | | | 34 | | 54
La Chusa Creek
LCH18 | | | | 73] 72 [ 76 | 54 [ 61 ] 54 - | | 57 [ 47 | 51 [ 56

Triunfo Creek

vy | | N N N o | | S

Note: SC-IBI scores rated as “poor” are shown in yellow; scores rated as “very poor” are shown inred.
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L A Flood Control District Benthic Data

The Los Angeles County Flood Control District hasducted bioassessment in the watershed since
2003, with results obtained through 2010 (West@4,12. Fixed stations were used through 2008, aith
switch to randomized stations in 2009. The fixidian sampling locations did not include Malibue€k
main stem (see Table 8-1 and Figure 8-2 below)weder, in 2009 and 2010 there were randomized
samples from the main stem. In 2009 a sample wkected at a site below Cold Creek, near Heal the
Bay station MC-15. This yielded an SC-IBI bioscofe29. In 2010 a sample was collected in the main
stem just upstream of the confluence with Las \fiegeCreek, yielding an SC-IBI bioscore of 17. Both
results are generally consistent with the resalp®rted by Heal the Bay. Results for Los Angeles
County’s fixed stations are summarized in Table 8-4

Table 8-4.  Los Angeles County SC-1BI Bioscores for ~ Fixed Samples Sites in the Malibu Creek
Watershed
Location Station 2003 2004 2005 2006 2007 2008 Median
Las Virgenes LACo_16 39 24 29 23 26
Cold Creek LACo_17 60 74 70 76 74 79 74
Triunfo Creek LACo 18 31 29 26 27 21 27
Medea Creek LACo_15

Note: Weston (2011) reports raw results on a 0 — 70 scale; these have been renormalized to the 0 — 100 scale for
consistency with other sampling efforts. SC-IBI scores rated as “poor” are shown in yellow; scores rated as “very
poor” are shown in red.

Additional benthic macroinvertebrate data wereemi#d in spring and fall 2005 by Aquatic Bioassay
(2005). Samples near MC-1 (location MAL) yielded-8I bioscores of 33 and 17 in the spring and fall
samples, respectively.

L VMWD Benthic Data

LVMWD has also collected benthic macroinverte bdsga since 2006 in connection with the Tapia WRF
permit. The LVMWD sampling stations are summarizedetail in Table 8-5 (from Aquatic Bioassay,
2011) and are also shown on Figure 8-2 below. LVBI®\station R-4 approximately coincides with

Heal the Bay station MC-1.

Table 8-5.  Malibu Creek Watershed LVMWD Benthic Mac roinvertebrate Sampling Stations
Distance (m)
Station Position from from TWRF Latitude Longitude Elev.
ID Name TWREF Outfall Outfall (N) (W) ()
R-11 Malibu Lagoon Downstream 7470 34.03378 | 118.68291 3
R-4 Malibu Creek Downstream 6290 34.04365 | 118.68488 26
R-3 Malibu Creek Downstream 5860 34.04622 | 118.68847 44
R-13 Malibu Creek Downstream 930 34.07642 | 118.70230 458
R-2 Malibu Creek Downstream 150 34.08105 | 118.70500 468
R-1 Malibu Creek Upstream 560 34.08423 | 118.71202 478
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Distance (m)
Station Position from from TWRF Latitude Longitude Elev.
ID Name TWRF Qutfall Outfall (N) W) (f0)
R-9 Malibu Creek Upstream 2500 34.09798 | 118.72170 495
R-7 Las Virgenes Creek | UpperWatershed 7650 34.13485 | 118.70682 721

SC-IBI scores reported by LVMWD have all been ia thoor” or “very poor” category (Table 8-6; see
also Figure 8-2 below).

Table 8-6. SC-IBI Scores from LVMWD Stations

Season Year R-4 R-3 R-13 R-1 R-9 R-7

Fall 2006 25.7

Spring 2007

Spring 2008

Spring 2009

Spring 2010

Spring 2011

Note: SC-IBI scores rated as “poor” are shown in yellow; scores rated as “very poor” are shown inred.

USEPA 2010-2011 Benthic Data

USEPA conducted benthic macroinvertebrate samplfrdalibu Creek main stem to provide additional
data and support (Table 8-7). USEPA sampled atdites with two sites overlapping previous sampled
stations by Heal the Bay and LVMWD. USEPA samgethree additional reference sites along the
main stem to enhance our knowledge of the refereonditions specifically along the main stem. Eher
are a number of reference sites in other partaeofatershed, but limited sampling was conductedgal
Malibu Creek main stem.

Site MC1 is the same site sampled by HTB, locatetypstream of the USGS mass emission station in
the private residential Serra Retreat CommunityC EPA-1 is located upstream of MC-1 and
downstream of Tapia WTP discharge along Malibu @ariRoad Hwy. Sites MC EPA-2 and EPA-3 are
located in Malibu Creek State Park downstream affifo and Medea Creeks, tributaries to Malibu
Creek main stem. Malibu State Park is an expansvie, covering approximately 7,000 acres.

Both these sites were the best available refersite® for the main stem with no visible anthropagen
activities nearby. However, these sites aresttidingly impacted by development activities upstiea
For example, USEPA sited an additional site, MC ER Apstream of MC EPA-3, along Las Virgenes
Road which is outside of the State Park but adjatea large development community.
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Table 8-7. Benthic metrics, abundance and S-I1Bl sco

conducted in Spring 2011

res for the USEPA Sampling stations

MC EPA#1 MC EPA#2 MC EPA#3 MC EPA#4 MC1
EPT Index (%) 56 6 1 33 48
EPT Taxa 7 4 2 4 6
Percent Chironomidae 11 5 17 9 16
Percent Dominant Taxon 22.1 80.9 80.7 23.1 23.4
Percent EPT Taxa 26 19 10 16 19
Percent Grazer Taxa 0 0 0 0 0
Percent Intolerant 1 1 0 0 2
Percent Mollusca 15 81 23
Percent Non-Insecta Taxa 33 29 35 28 29
Percent Oligochaeta Taxa 4 5 5 4 3
Percent Predator Taxa 19 24 20 20 29
Percent Collectors 56 13 96 56 53
Percent Scrapers 16 82 0 23 10
Percent Shredders 0 0 0
Percent Predators 5 1 4 9
Percent Tolerant 31 88 3 50 29
Taxonomic Richness 27 21 20 25 31
Tolerance Value 6.13 7.71 6 6.79 6.18
Total Abundance (#/sample) 12,460 13,114 3301 5923 10702
S-IBI scores* 20 17 20 3 13

* Based on the calculation of biological metrics from a group of 500 organisms from a composite sampled collected
at each stream reach. The 500 organisms were used to compute the seven biological metrics used in computing
the IBI score.

For the two sites in Malibu Creek State Park, glsinlominant taxon was accounted for over 80% ef th
individuals collected whereas the other three siteaside of the park had approximately a fifth hudf t
individuals as a single dominant taxon. The peagmof the highest tolerant species was obsernvdwi
State Park at MC-EPA2. The other site furtherngash in Malibu State Park had the lowest percentage
of tolerant species (3%); this site also had tiggdst percentage of collectors (96%). Taxonomic
richness were comparable at all sites. Thesetsasulicate that the benthic community along thditha
Creek main stem were all of poor condition andsites located in the State Park did not fare hetter
likely due to the strong impact of the upstreamaligyment. This matches well with our analyseseft
upstream development and impervious surface dismus§ hese data further confirmed the impaired
condition of the benthic macroinvertebrate commuaibng Malibu Creek. Other data also confirmg tha
the impaired condition show tributaries flowingaritlalibu Creek are also impaired, particularly #hos
sites that are downstream of development of digghar
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Water quality taken at the time of the benthic roanrertebrate sample collection showed that spe cifi
conductivity measurements were over 1.800 mmclad aites.

USEPA'’s sampling of the main stem of Malibu Cretdoashowed low SC-IBI scores. All five sites
sampled by USEPA in May 2011 showed SC-IBI scofégary poor” to “poor’ conditions, with a S-1BlI
score of 20 as the highest value sampled at MC ERAd MC EPA-3. Site MC-EPAA4, located upstream
and outside of the Park, but immediately downstreémlarge residential development, showed the
lowest SC-IBI score of 3.

Conclusion

Based on the similar trends of “poor to very pamwhditions observed from different data sets, USEPA
concludes the evidence shows that Malibu Creakjmired for benthic macroinvertebrate community.

While the current TMDL effort addresses only theliblaCreek main stem downstream of Malibou
Lake, it is informative to examine SC-IBI scoreghr context of the whole watershed. Median scores
for 2000-2010 are summarized in Figure 8-2, witldlase overain. Within the watershed, the median
scores range from a low of 6 to a maximum of 78hthe highest score appearing in the unimpacted
headwaters of Cold Creek. The lowest median s@efound in the main stem and in the lower
portions of tributaries Triunfo Creek, Medea Creshd Las Virgenes Creek. The tributary statiorté wi
low scores are upstream of the impaired portiontb®Malibu Creek main stem and are also downstream
of developed areas of the watershed, while statipetream of developed areas had higher scords. Th
suggests that impairment in the Malibu Creek memsmay be associated with stressors (hydraulic
and/or chemical) that originate within the develbpeeas of the watershed as well as other factoch,

as geology.
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Figure 8-2. Median SC-IBI Scores (2000-2011) for th e Malibu Creek Watershed and Adjoining

Reference Stations

While extremely useful, the SC-IBI category ranisrage not necessarily representative of the unique
physical and geological situation of Malibu Cregknother line of evidence can be developed by
comparing results in Malibu Creek to results frondisturbed streams within the same immediate region
If appropriate undisturbed reference sites arela@yai they should reveal important information be t
biological potential of the local streams in theece of human disturbance.

Selection of appropriate reference sites is chgitenfor Malibu Creek. Biological potential is
influenced by a variety of factors including eldéwat(and associated micro-climate characteristics),
gradient, and background geology. Heal the Bagtifled La Chusa Creek (MC-18) and Solstice Creek
(MC-14) as appropriate minimally disturbed referesites for the Malibu main stem. These stations
have the advantage of being at similar elevationbe Malibu main stem stations and are similarly
proximate to the ocean. However, they differ inlggy as they do not drain the Modelo formation
marine sediments and have significantly lower catidity than the Malibu main stem. To help rectify
this problem, comparison can also be made to Chesdlreek (HtB CH-6). This station is in the upper
watershed, but, unlike most other upper waterstaabas, is minimally impacted by development.
Cheseboro Creek does drain the Modelo formatiortyidally has conductivity values greater than
3,500 ps/cm (and is thus saltier than the Malibee€main stem). This station is, may appear less t
ideal as a reference site because Heal the Bay SPgiWsical habitat sampling in 2010 showed that the
substrate was 90% fines/sand and 10% bedrock,neidravel or cobble, and only 64 percent of the
banks were stable. However, perhaps in this Wagelrand with the unique geology, this site is
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appropriate to use as basis for comparison witlaotenl sites; furthermore, this station does achieve
acceptable SC-IBI scores.

SC-IBI scores show a clear difference between thidse, but little trend over time. A graphical
comparison is provided by box and whisker plotsylich the central box represents the interquartile
range, with a central line indicating the mediams@t percentile (Figure 8-3). The whiskers extend.fo 1
times the interquartile range above and belowhird aind first quartile values, while outliers begahis
range are shown as individual points. The SC-tBhparison is depicted in Figure 8-3, showing no
overlap in interquartile ranges between the Mafllvaek main stem stations and the reference sites.
Interestingly, there is very little difference bewwn the three main stem sites, even though thegsept
different stream gradients (0.5 to 9.5 percent)iaohide stations both upstream and downstreameof t
Tapia discharge. Further, the Cheseboro Credbkstalraining the Modelo formation, typically exhib
IBI scores above the impairment threshold and ntigher than are seen in the Malibu Creek main stem.
Together, these observations suggest that (1)ape™ischarge is not the single factor causing the
observed impairment in the Malibu Creek main stana, (2) high conductivity and other pollutants
associated with the Modelo formation are also unfficsent to explain the impairment and seem tosegau
at most, anincremental reduction to potentiald&ires.
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Figure 8-3. Comparison of SC-IBI Distribution for M alibu Creek to Local Reference Sites, 2000-
2011

8.1.4 O/E Analysis of Benthic Macroinvertebrate Data

In keeping with the SWRCB current efforts to defa@oropriate numeric biological objectives for the
entire state, USEPA conducted additional calcutstioBenthic macroinvertebrate data can be evaluate
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in multiple ways. This TMDL reviewed the most coomapproach of using the IBI approach to
determine the condition of the benthic macrobentbimmunity (Section 8.1.3).

USEPA also evaluated an alternative to the IBl apphn, which is the use of the O/E ratio, where théds
number of taxa observed in a sample and E is theatxd number of taxa (see Appendix D for a detaile
discussion of the O/E process). This involvesding a statistical model to predict the assembthge
would be expected at any sampled site if thatvgétee in reference condition. The predicted moslel i
derived from evaluating the assemblage at estadligdference sites. The O/E model can be applied t
any site, and the difference between the expeatedbserved assemblages indicates the site impatirme

In general, O/E refers to the specific percentgitexpected in the absence of disturbance. E is a
function of physical habitat predictors and is dedi using an approach developed in Great BritaioséV
etal., 1987; Wright, 1995; Clarke et al., 2003&n as the River Invertebrate Prediction and
Classification System (RIVPACS). RIVPACS-type misdeave been developed for southern California,
as described below. The O/E presentation provadeseful addition to the IBl-based scoring.

8.1.41 OIE Methods

We estimated O/E scores for each Malibu Creek whgef site where such estimates were possible.
(Note that this is a subset of the samples for wisd scores are available, as raw taxa data wetre n
available for all samples.) We took existing bémthacroinvertebrate data supplied by Heal the Bay,
LVMWD, and from USEPA and condensed them into apeshy-species matrix. Samples were
assigned unique site-date identifiers. We resolagdnomic resolution using an operational taxoromi
unit cross-walk table provided by the Californiap@ement of Fish and Game (CDFG) for their O/E
models. We used the models with chironomid tagatified to tribe, so taxa were resolved to that
operational taxonomic unit (OTU) list. We thenleoted physical habitat predictors needed for the O
models through communication with CDFG experts BndCharles Hawkins at Utah State University,
who maintains a site for calculating the CA O/Eeirdalues. These predictors for California include
mean annual precipitation and mean annual temperétoth obtained from PRISM), percent
sedimentary geology, watershed area, and latitnddoagitude. The Malibu sites all fall within enall
area, so the range among samples of latitude tlategiand average annual temperature is smalle whil
wide variability is present in the other predictfrable 8-8).

Table 8-8.  Range of O/E Model Predictors for Malibbu ~ Watershed

Predictor Minimum Maximum Average
Precipitation (mm/yr, from PRISM) 34.2 58.4 40.9
Average Temperature (C, from PRISM) 17.2 18.2 17.9
Percent Sedimentary Geology 1.8% 100% 64.1%
Watershed Area 1.4 282.6 122.0
Latitude (DD) 34.033 34.195 34.094
Longitude (DD) -118.932 -118.587 -118.730

We extracted those predictors using GIS for adissitithin the Malibu Creek Watershed for which we
had invertebrate samples. The predictors wererntetahed to the invertebrate samples.

California is described in three O/E modeling regio We ran the O/E models identified as
CA_R2_NONMIDGES, corresponding to those region€alifornia with mean monthly temperature >
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9.3 degree C, and mean annual precipitation < 85which is comparable to the Malibu Creek
Watershed. O/E was estimated with models run ukiagoftware available on the Western Center for

Monitoring & Assessment of Freshwater Ecosystenissite
(http://www.cnr.usu.edu/wmc/htm/predictive-modelsffictivemodelsoftwaiefor this Region 2 model .

Output generated include verification that moddites were within the experience of the model;theo
words, the conditions are consistent with thosédha be predicted based on the calibration dataset
More detail on O/E models can be found on the Westenter websitehftp://www.cnr.usu.edu/wnjc
under the predictive models primer.

8.1.4.2 O/E Results for Entire Watershed

All of the sites from the Malibu Creek Watershed adjoining sites that were modeled were within the
experience of the model (values of P for Pass biéB-1 of Appendix D). This means that reliable
macroinvertebrate predictions could be generateddoh site.

In terms of O/E scores, which is the site spegificcent of taxa expected in the absence of distaeha
these varied by site location with some scoringelto reference expectation (approximately > (@) a
others scoring close to zero (See Appendix D fedjated data).

In general, O/E scores were weakly correlated SEhIBI scores, which explained about 35-37% of the
variability based on either a linear or polynoniig{Figure 8-4). This means that there was some
disagreement between the two scores. This wasiefipdgrue for sites scoring poor (P) or very poor
(VP) for the southern California IBI score, butged between 0.9 to 0.1 for O/E scores. More ageeem
between the IBI and O/E scores were observed @metlites in the fair, good (G) and very good (VG)
categories. These observations suggest that lmmtigizal approaches were successful at identifyhag
fair to very good sites. However, for “poor to ygoor” sites, other variabilities also are critita
explaining the differences observed between thestpproaches.
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Figure 8-4. Plot of Individual SC- IBI scores vs. R egion 2 California O/E scores (p>0.5) for the
Malibu Creek Watershed Sites

While there are correlations between the two scahese are also significant discrepancies. For
example, the winter 2005 sample at MC-1 receiveih O/E score (0.82) but a “poor” IBI score (2@) o
an original sample of 484 individual organisms fiaitto 300 for the O/E analysis. In contrast, the
winter 2000 sample from Cold Creek had a fair IB#6, but a very low O/E of 0.19 (based on a sample
size of only 30 organisms). The discrepancies éetwhe two metrics are likely due to the probgbili
basis of the O/E approach which evaluates thetigetl of observing different taxa within a sample o
fixed size.

8.1.4.3 OJ/E for Malibu Mainstem and Reference Sites

The Malibu Creek main stem stations are of paicuriterest for the TMDL O/E results for these
stations are compared to the Lachusa and SolstexkCeference sites in Figure 8-5. This appeatslit

a rather different story from the IBI scores: EME there does not appear to be a significant rdiffee
between the Malibu main stem MC-1, MC-9, and MCstd&iions and the reference sites. In contrast, the
IBI scores showed a strong difference.
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Figure 8-5. Comparison of O/E Distribution for Mali  bu Creek to Local Reference Sites,
2000-2010

8.1.5 Additional Analyses of Benthic Macroinvertebrate Data

It is of interest to examine some of the compomeeitrics used to form the SC-IBI. This was done for
the two main stem stations with the most data (M&hd MC-12). LVMWD-R4 results were added to
those from nearby Heal the Bay station MC-1 fos #imalysis. Ode et al. (2005) identified the
component “EPT taxa count” (Figure 8-6) as a paldidy strong indicator of impairment (with < 10a
indicating impairment in the southern Californiaumtins). This metric has a strong relationship to
most sources of impairment, including nutrients aedimentation. For Malibu Creek, the main stem
stations have much lower EPT taxa counts than @h€Husa and Solstice potential reference stations;
however, the EPT taxa count at Cheseboro Creelckwias elevated conductivity but little urban
development) is similar to the downstream Malibedkrstations. Thus, the EPT taxa, but not theativer
IBI, may be sensitive to the high conductivity asated with marine sedimentary geologic formations
the watershed.

Coleoptera taxa and Trichoptera taxa appear tirbegly sensitive to urbanization and channel
modification, but not to nutrients (Ode et al., 8D0Coleoptera taxa are included as a componehgin
SC-IBI, with an impairment threshold at <2 (whlehves limited leverage with which to distinguish
Malibu Creek from the reference sites). Trichaptuxa are not a component metric within the SC-IBI
but also appear to show good discrimination redativthe reference sites with low conductivity (Fig
8-7).
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The SC-IBI scores vary from year to year. Theresdaot appear to be any clear trend over timeeat th
MC-1 station and nearby LVMWD R-4 station (Figur8Band the median has remained around 20 - 25.
A notable anomaly in the MC-1 results is the lowredor spring 2010. In contract, the R-4 station
reported a more typical result for 2010, but yieldevery low score for 2007. Low values were also
obtained by Heal the Bay in the Spring 2010 at MCathd MC-15 (3 and 6, respectively) while reference
site scores dropped from 69 to 49 at AC-14 and fB@rto 47 at Lachusa. The 2010 results might beus
affected by weather or some other confounding facto
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Figure 8-8. SC-IBI Scores over Time at Malibu Creek  near Mouth (MC-1 and LVMWD R-4)

LVMWD (2011) suggests that low IBI scores are priilgadue to high sulfate levels derived from the
Modelo formation, which is exposed in the northeitsutaries of Malibu Creek north of highway 101
(refer to Figure 4-4 above). LVMWD also notes talfur-seeps and springs within the Modelo
formation support sulfur-reducing microbial comntigs that reduce sulfate to hydrogen sulfide gas
(H:S). HS is toxic to most forms of aquatic life, but isdly to be quickly oxidized, reducing the
likelihood of impacts except in the immediate avéaulfur seeps.

Heal the Bay does not monitor sulfate, but doesntegpnductivity, which provides a good surrogate f
identifying the contribution of loads from the magiModelo formation.

Figure 8-9 shows the correlation between mediarai8l median conductivity for sites with at leagéefi
samples from 2000 through 2010 (water quality deee not yet available for 2011). Higher
conductivity values clearly distinguish the sitathim the Modelo formation. Further, there appestrs
first to be a weak negative correlatiorf €R0.30) between conductivity and IBl. The simimhear
regression slopes and Ralues are presented for comparative purposesasulyare not intended to be
predictive as correlation does not imply causatibiote that the main stem stations (MC) as well as
Triunfo Creek (TR17) have intermediate conductiwgt very low bioscores. In contrast, the Chesgebo
Creek station (CHS6) is in the Modelo formation drag high conductivity, but has a median IBl score
nearly as high as the Lachusa reference station.
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Figure 8-9. Correlation of Median IBI Scores with M  edian Conductivity

Note: Sites with at least five observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.

The apparent correlation of IBl and Modelo formatdrainage may be confounded because the outcrops
of this formation are located just north of the Tighway corridor where most of the high density
development occurs; the results appear to corrbitter with the presence of upstream high density
development (refer to Figure 4-7) than with Modonation drainage (Figure 8-10). Note that the
Cheseboro station (CHS6) is in the Modelo formatiaut, has little upstream development (and relagivel
high IBI scores), while the Triunfo station (TRXhibits low conductivity, but has plentiful amosiwtf
upstream development (and very low IBI scores).

8-19



Malibu Creek & Lagoon TMDL December 2012

90
CC3 Reference Sites
7 J PO, g ==l L L LR EL L EL L e
AS19
70 Lo I ._‘?‘_:}‘E‘ ____________________________________
P i A |- S
@ cci1 *
pogl o @ -----------------SSSSSEEC_STotooh
© cc2 LV Modelo
E L D Sl & Formation
o g === N N N
£ 10 A S MC1___mcis - EVSg—-<roon !
TR17 MC1 LV13
0o Lo I AR 25 S /-7 A > |
I I
10 +-------- {-------- -High Density Development- -~~~ -~ - I
LI R
O 1 I | I I 1 1
0 500 1000 1500 2000 2500 3000 3500 4000

Median Conductivity (uS/cm)

Figure 8-10. Correlation of Median 1Bl Scores with  Upstream High Density Development

Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.

Median IBI scores at LV-13 and MD-7, downstreanthef Modelo formation outcrops, are lower than
those in the undeveloped areas of the Modelo foomd€CH-6, LV-9), and also lower than those in
streams that do not drain the Modelo formatiolgi®s-19, CC-2, CC-3, CC-11). IBIl scores are
relatively high (median 56) at CH-6, within the Mgd formation, and low (median 19) at TR-17, with
only a small fraction of its drainage in the Modé&omation. Notably, stations with low median IBI
scores are also those stations that are downsteaignificant amounts of urban development, which
might explain the different responses seen at GiHebMD-7. As noted in Section 7.4, nitrate-N
concentrations are also elevated at stations dosemstof high levels of development.

Figure 8-11 shows that median IBI scores greatem 80 are only found at those stations that have a
average nitrate-N concentration less than 1 mgHhidwis the target specified in the nutrient TMDL).
This suggests that nutrient impacts may be oniearfiactor depressing benthic biotic health in the
system. The correlation could also arise fromfaéoe that elevated nutrients are found downstrem o
developed areas and not due to a causal relatmnshi
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Figure 8-11. Correlation of Median IBI Scores with ~ Average Nitrate-Nitrogen Concentration
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.

Luce (2003) conducted multiple regression analgsélse relationship of IBI and other benthic
macroinvertebrate measures to various habitat laachical variables in the Heal the Bay data. She
reported that the most significant correlationberfithic macroinvertebrate metrics were to substrate
embeddedness (negative), percent canopy covetiyedsand conductivity (negative). No significant
correlation was found to percent fines, percentisanmacroalgal cover (e.gladophorg; however,
microalgal cover (e.g., periphytic diatoms) emergea significant variable (with positive coefficiifor
the EPT index and percent filterers. The relatifmso conductivity was significant and negative fo
most benthic macroinvertebrate indices (exceptgrgm@ominant species and percent filterers). Luce
associates all three of the primary explanatoriatées (embeddedness, canopy cover, and condygtivit
with urbanization, but also noted that elevateddoetivity occurred at some sites that lacked imjpeis/
cover and “increased conductivity must thereforeetsbme other source, such as the geology of the
watershed...” As was discussed above, it appearslikely that IBI scores are responding primarity t
urbanization and only to a lesser degree, if at@tonductivity itself. It thus appears that doctivity
enters these regressions primarily as a surrogatethan stormwater input, as was also suggested by
Walsh et al. (2001) for studies in Australia.

Correlations to O/E scores were also examined. i©regatively correlated with conductivity and the
relationship is similar compared with SC-IBI andhdactivity (Figure 8-12). The correlation to niga
nitrogen is much weaker (Figure 8-13) than the BOJFigure 8-11).
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Figure 8-12. Correlation of Median O/E Scores with ~ Median Conductivity.
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.
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Figure 8-13. Correlation of Median O/E Scores with ~ Average Nitrate-Nitrogen Concentration.
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.

Bioscores were next compared to the fraction afl tepstream area that is in sedimentary geology and
the fraction of area that is impervious. For b8@:IBl and O/E, the median scores are essentially
uncorrelated to percent sedimentary geology (Figdtd and Figure 8-15). However, there is a strong
negative correlation between bioscores and petgestteam impervious area (Figure 8-16 and Figure
8-17). The relationship to imperviousness is st for SC-1BI, which achieves aAd & over 69
percent. The regression line suggests that actgeam IBI of 40 would require cumulative upstream
imperviousness of 3.3 percent or less. A siméael of imperviousness is also related to an Odesof
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0.5 or greater. These results suggest that inpemess and urban development are significant
indicators of biological condition in the Malibu €&k Watershed.
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Figure 8-14. Correlation of Median IBI Scores with ~ Percent Sedimentary Geology.
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.
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Figure 8-15. Correlation of Median O/E Scores with ~ Percent Sedimentary Geology.
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.
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Figure 8-16. Correlation of Median IBI Scores with ~ Percent Upstream Imperviousness.
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.
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Figure 8-17. Correlation of Median O/E Scores with ~ Percent Upstream Imperviousness.
Note: Sites with at least 5 observations, 2000 — 2010. Median shown for MC-1 combines LVMWD R-4 samples;
median shown for MC-15 combines LVMWD R-13 samples.

8.2 MALIBU LAGOON

Malibu Lagoon is naturally a lagoonal estuary wE@¢iasonal tidal influence. Historically, the beach
barrier was beached by winter and spring runofltmw for tidal exchange, and then restructure mgai
and remain closed throughout summer and fall (Asbet al. 1995; Topanga-Las Virgenes Resources
Conservation District 1989 and 1995). However,itheact of anthropogenic activities in the past has
resulted in an altered pattern of Lagoon formatiod breaching. Malibu Creek, which flows into the
Malibu Lagoon, now receives year-round flow du@tigation water, treated wastewater inputs aneoth
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urban related runoff. The year round flow credigber summer water levels in the Lagoon and thd sa
barrier would artificially breach at times due tabfic recreational activity. In the past the shadrier
would be artificially breached to allow tidal excigee and clearing and release of nutrient builduén
Lagoon. Although, this would temporarily improveater quality conditions, the life history of fissych
as the endangered tidewater goby, and the berahiencinity is directly affected.

Increasing urban development and decades of swipiohg have led to a dramatic loss of species inthe
Lagoon (Shifting Baseline, 2011; Jones & Stoke®62Moffatt & Nichol, 2005), including benthic
species such as crabs, shrimps, clams and otlertebvates that are a main component of the foathch
for many fish and birds that are impacted by imgghitonditions in Malibu Lagoon (Shifting Baseline,
2011; 2NDNATURE, 2010). Degraded by nutrient andtéaa pollution, as well as excessive
sedimentation, these problems are exacerbateddncpaulation within the Malibu Lagoon’s
boundaries (Shifting Baseline, 2011; Jones & StoR686; Moffatt & Nichol, 2005; 2NDNATURE,
2010).

Due to low flushing, fine sediments accumulatenim tidal channels; these sediments are associdtied w
greater nutrient loads that cause algae bloomsltireg in eutrophicatiofShifting Baseline, 2011; Jones
& Stokes, 2006; Moffatt & Nichol, 2005; 2NDNATURERQ10). Eutrophication can be natural or caused
by nutrient enrichment from anthropogenic actigitieMalibu Lagoon currently shows elevated
concentrations for the biologically-available nettis such as Nitrogen Oxide (NOx), and Ammonium
(NH,4) (Moffatt &Nichol, 2005; 2NDNATURE, 2010). Presenof excessive algae lead to greater
consumption of the available dissolved oxygen dudacomposition, and thus leading to anoxic
conditions that impact the survival of the floraldauna in the Lagoon.

Upstream runoff from residential areas and irrigais estimated at a rate of 2,500--3,500 acre-ft
annually. Multiple sources have estimated the agepf septic tanks into the Lagoon, including an
estimated rate of 500 acre-feet per year (T opargaMirgenes Resources Conservation District 1995).
The hydrologic flow and fate of dissolved or susgethmaterial, such as nutrient, is complicatechiey t
opening or closure of the mouth. Multiple factmuence the mouth condition, including erosion of
sand from the mouth, large tidal flow, large freaksv input, long-shore sand transport and stormtsve
All of these factors can affect how the mouth awmdhydrologic regime in the Lagoon will behave, athi
then impacts the biota that live in the Lagoon gstasn.

Earlier dissolved oxygen levels showed stratifimatin the Lagoon and highly variable ranges. The
diurnal dissolved oxygen levels surveyed in theniray between July 1993 and April 1994 at the
westerly channel site showed a Lagoon bottom rbegeeen 2.6 mg/l to 10 mg/L and surface water
range between 3.2 mg/L to 13.3 mg/L; the mid Lagsitmshowed a bottom water range between 5.5
mg/L to 12.2 mg/L, and a surface water range betvée2 mg/L to 16.8 mg/L (Ambrose et al. 1995).
There were many occasions when the DO concentgsadigeeeded the basin plan water quality objective.
Salinity concentrations from the Ambrose et al98Preport similarly showed stratification in the
Lagoon and a wide range of salinity levels dependarthe flow of freshwater and opening of the rhout
Measurements of sediment in 1987 suggested thageeate of sedimentation since 1983 was 10
cm/year; this level of sedimentation is estimatele nearly ten times the rate that would have roedu
pre-European settlement periods (Topanga-Las Vagé&tesources Conservation District 1989).

In 1993 and 1994, Ambrose et al. (1995) collectuatiiic invertebrate data from Malibu Lagoon. Large
and small infauna were collected from three sitethé Lagoon; a small clam gun was used to collect
large infauna, a 10 cm deep sediment core wastasaillect the small infauna, and zooplankton was
sampled with a 153 um mesh plankton net. The $gportion of infauna biomass was the collection
of a single polychaete species. Other benthicrtetreates taxa collected included the California
jackknife clam, two species of polychaetes, oligaths, ribbon worms, mud-flat clam, snails, cratis a
the introduced oriental shrimp. Zooplankton speeiere dominated by copepods, ostracods and
nematodes.
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Malibu Lagoon continues to experience intense dgwvaknt and anthropogenic pressures both from the
adjacent areas and upstream in Malibu Creek Wadrsfihe Watershed is highly modified by
residential development, recreational reservoind, agriculture operations. In addition, the conbimi
discharge of water to the Lagoon year round frostream sources and the past practice of mechanical
breaching of the barrier beach during the summeérfalhhas disrupted the natural hydrologic cycle,
altering the natural salinity and tidal cycles, efhdirectly stresses the biotic community. The lago

also suffers from high nutrient concentrations eaady.

8.2.1 Estuarine Benthic Biota

Estuarine invertebrates are found in the watekemetation, on the mud and in the mud (Lafferty®00
Most species have the highest abundance in the suamd lowest abundance in winter and after high
freshwater flows. In particular, the invertebratenmunity can be a useful indicator of the typ&ids|
inundation that an estuary receives. As mentioaglice, invertebrates are particularly sensitive to
variations in salinity (especially compared witkhés and birds). Sandoval and Lafferty (1995) faihad
the invertebrate community of estuaries with regtitial influence is dominated by relativetyarine
species such as crabs, shrimp, polychaete worammscimussels, and horn snails. In estuaries with
variable salinity, these species are usually absestead, aquatic insects, Marsh invertebrates ftea
inconspicuous, but they are a diverse group tlehtidies benthic infauna and crustaceans in the lower
marsh, and insects and spiders in the upper maoskdlyn, 1983; Zedler et al., 1992). A recent
settlement plate survey done in Elkhorn Sloughmalishes found 25 different species of invertebrate
including crustaceans, insects, spiders, snaigj\@s, and polychaetes (Griffith pers. comm.)héitgh
not as species rich as adjacent tidal creeks,d@@aidf salt marsh sediments can provide habitaddose
populations of oligochaetes and polychaete wornmlewhe lower elevation marsh surface is often
dominated by gastropods, amphipods, isopods, ais ¢MacDonald 1969, Talley and Levin 1999,
Williams and Desmond 2001). These species playitapt roles as detrital processors, algal grazers,
and predators (Josselyn, 1983).

Data on benthic macroinvertebrates in Malibu Lagbawe been collected as part of the Bight 1998,
Bight 2003, and Bight 2008 surveys (Ranasinghé. €2@10). Researchers have also developed aibenth
response index for California bays and estuariast{tet al., 2003; Ranasinghe et al., 2009). Haxev
this is applicable only to haline and euryhalinenowinities. The majority of the samples obtained in
Malibu Lagoon have been freshwater species (mtzthal beetles and flies), so the estuarine 1Blds
applicable. On the other hand, the gradient witlhnLagoon is essentially zero, so the streameb8€e

IBI for freshwater is also not applicable.

For Malibu Lagoon, aquatic life is “impaired by mphication resulting from excessive nitrogen Idads
and direct input of inorganic nitrogen from onsitastewater disposal systems is a concern (Callatvay
al., 2009). The City of Malibu does not providgiemal sewage collection or treatment, and highewat
tables decrease the efficiency of onsite wasteviisatment. The Malibu Creek Watershed nutrient
TMDL assigned a load allocation of 6 Ib/day of ig@nic nitrogen; however, the Regional Board staff
estimated that current loads from onsite wastevdigpiosal in the Civic Center area amount to 30-35
Ib/day. As a result an amendment to the Wateri@uabntrol Plan was made to prohibit new on-site
wastewater disposal systems in the area. The moadguggests, however, that existing loads may be
sufficient to cause ongoing problems as the ova@idIDL for total inorganic nitrogen in the summer
seasonis only 27 |b/day.

Benthic community condition is a measure of theciEsecomposition, abundance and diversity of the
sediment-dwelling invertebrates inhabiting surfis@diments. The benthic community measure is used
to assess impacts to the primary receptors tardetgatotection of aquatic life. Benthic community
composition is a measure of the biological effeftsoth natural and anthropogenic stressors.
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Southern California’s estuaries are categorizemlsewven different types: river mouth estuarieayoa
mouth estuaries; lagoonal estuaries; coastal dumak@stuaries; bay estuaries; structural basirmess
and artificial drain estuaries (Ferren et al. 198€libu Lagoonis a lagoonal estuary defined by
seasonally opened mouths, usually closed by samidtiast of the year, and brackish fringe-marshes
rather than vegetated flats. Salinities can amggrdesh water and the estuary can support fauimglin
brackish to fresh water conditions (often freshawaiput is due to wastewater discharge and agwicll
or urban runoff) (Lafferty 2005).

An estuary is defined by its tidal influence, wegeurce, water regime and unique composition of
landforms (e.qg., beds, bars reefs, levees, bubys3., &alinity is another critical factor assoeiwith
habitat function. These include the amount andaaity of freshwater input and the presencelmdra
that can close off the mouth of the estuary froendbean. Both of these features strongly influsnce
habitat condition and the benthic community regsidmthe Lagoon because of regular periods of low
salinity, high salinity, and tidal flushing thatrnes with the season (Lafferty 2005).

The Malibu estuarine Lagoon is no longer a natsyatem because the stream floods and storm waves
are constrained by anthropogenic activities (Ambrasd Orme, 2000). The hydrologic inputs due to
urban growth in the upper basin and the alteredffequencies impact the lower basin by changieg th
magnitude and frequency of runoff and sedimentvdgji There are many critical constrains on the
physical system that has resulted in an alteracheae Lagoon. These include road constructionififa
Coast Highway (PCH) bridge and its approach ratesolder Malibu Road, the Malibu Colony Road,
Cross Creek Road and its upstream crossing — thmgsect drainage, constraining, diverting or ponding
surface water and impeding exchange of subsurfader)yvariable upstream channelization and levee
construction, riprap placed alongside Malibu Craelr the shopping center, and extensive areas of
impermeable surface, which affect local hydroldghjbiting infiltration, causing ponding or diveosi of
drainage into ditches and culverts. This resuls Malibu Colony area that is not mostly impernieab
direct precipitation and its impact on direct océack water exchange.

During the flood of February 6, 1999, LACDPW dat@wed that 2,321 mg/L of suspended sediment
was carried through Malibu Creek. Samples supbattthe Lagoon has higher sediment concentrations
than stations farther upstream.

Infauna inhabiting the sediments of coastal lagagpgally includes clams, shrimp, crustaceans,mgr
among others. Benthic infauna is a highly divegsmip with hundreds of species. A typical southern
California coastal Lagoon with appropriate tidasthing should support between 100-200 infaunal
species (Zedler et al. 1992; Peterson 1977). mirast, coastal lagoons without tidal flushing sitle
significantly reduced species richness (Nordby@adin 1988). During the 1993-94 sampling period,
the basis of the impairment listing for Malibu Lago, only two families of polychaetes were observed
this is significantly fewer families than obsenied.os Pefasquitos Lagoon (between 6 to 11 polyehae
taxa), a southern California estuary similar iregiz Malibu Lagoon and with frequently closed tidal
flushing (Nordby and Covin 1988). Furthermore, species richness for crustaceans and bivalves were
also exceptionally low in Malibu Lagoon. In comtravariability in benthic communities at Mugu

Lagoon from 1969 to 1972 showed consistent commwoimposition and little temporal variability in

the population densities of the most abundant speifia sandy-bottom benthic community (Peterson
1977). Furthermore, 31 species were observed pértUgewport Bay, 31 species at Tijuana Estuary and
52 species at Mugu Lagoon. These species richtesssvations indicate strongly that Malibu Lagoan, i
comparison, has significantly lower species rickrmgerall. Other coastal estuaries in southern
California with poor tidal flushing also show simily low invertebrate species richness, such as Los
Pefiasquitos Lagoon (n=20); San Dieguito (n=7),Batitjuitos Lagoon (n=9). These latter three Lagoon
estuaries’ reported species richness in the 19@6iscted long periods of prolonged mouth closure
(Mudie et al. 1974 and 1976). After Los Pefiasquatas San Dieguito had been opened to the ocean (at
least intermittently) in the 1990’s for a certaimé period, the invertebrate species richness ase to
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34 and 100, respectively. This compares well ¢o1t@0-200 types of invertebrate species obsenred fo
those coastal wetlands with good tidal flushing acean exchange.

8.2.2 Malibu Lagoon USEPA Sampling 2010-2011

USEPA conducted benthic invertebrate sampling didvd.agoon during winter 2010 (November 8-9,
2010) and summer 2011 (May 24-26, 2011). To cephe largest range of benthic populations, USEPA
applied four sampling methods to collect smallimfa, large infauna, and invertebrates in the &ttor

zone and estuarine sediment at eight sites in Maldgoon.

A total of 18 and 19 total taxa were collected inter 2010 and spring 2011, respectively (Tablea8d
Table 8-10). The spring 2011 sample collectionlted in near twenty times the total abundance
collected in winter 2010 (230,621 individuals imisg compared with 12,104 individuals in winter @gs
all eight sites). This is expected since spriragea usually have greater diversity and abundaneda
the climatic and flow conditions in the intertidaine.

Sites S-02 and S-03 are located in the back slowbkese flow and circulation are limited; S-01 isdted
at C channel closest to the sand berm at the m8uils;, and S-06 are located on the eastern channel
while S-07 and S-08 are located on the westernneghanf the Malibu Lagoon. For both winter and
spring, the most abundant species collected@gsisacoda Podocopidspecies, a microscopic bivalve
crustaceans commonly found in the littoral andistiodl faunas of southern California (south of Pt.
Conception). Podocopids are tolerant benthic sgecrawling over or burrowing beneath the sediment
surface, through the interstices of shelly sandsgravels, over rocks and plants, or through migas

Located at the head of the estuary with consistpstream freshwater flow, Site S-08 showed the most
number of taxa collected. Sites S-02, locatethétdtack channels with limited flow, and S-04, lecat
closest to the Lagoon mouth in the central pathefLagoon, showed the largest abundance (3,428 and
3,401, respectively; Table 8-9). However, the latgeoportions of species sampled for S-02 and S-04
are podocopids and nematode round worms, both icfwelre highly tolerant species that can survive in
highly impacted conditions. Sites S-02 and S-Gbtha highest taxa richness collected. Simile8ly,

05's largest proportion of species are podocopidsrsematode round worms. Less tolerant specieh, su
as a few of the aquatic and terrestrial insetsteeleen 1-10 individuals. These results suggesigly

the poor benthic community diversity and abundance.

In spring 2011, Sites S-01, S-04, and S-05 (129,28904; and 43,610; respectively; Table 8-10)
showed the significantly greater number of indi@lbucollected. Note that these three sites astddc
closest to the sand berm and mouth. Site S-@t#téd in the Lagoon mid-channel about 20 feetriakhi
the san berm and mouth; S-05 is located alongabimn shore of the main Lagoon channel and alfiout 5
m south of the PCH bridge/overpass. These thteg afe located in the intertidal zones along the
western shore, main channel and eastern shore afthpon closest to the mouth. Also, we shoul@ not
that over 97% of the abundance is from the Litt&akep method of sample collection. The different
sampling methods will need to be further evaludtgithe since the goal of this approach is sinmdar
those used in the Malibu Lagoon Restoration MoiitpPlan, the results can be compared for the 2006
and 2007 benthic community data collected. TheD204d 2011 sampling results, at least for density,
was comparable to the density of invertebrategct@t during the 1993-1994 sampling period, which
showed that the infauna at Malibu Lagoon then wasidated by a single species of clam. Nordby and
Zedler (1991) found that freshwater from sewagtisspi winter rains lowered water salinities andl ha
major impacts on the channel organisms of bothrentCalifornia coastal wetlands. Benthic infaunal
assemblages responded more rapidly to reducedkgatian did fishes, with continued salinity redoct
leading to the extirpation of most species.

The Malibu Lagoon Restoration Baseline Monitorifigpes showed that the inorganic nitrogen species
(nitrate, ammonia and SRP) were at extremely hegklk in Spring 2007 (2NDNature, 2008). The 2006
and 2007 benthic sampling efforts in Malibu Lageonducted by 2NDNATURE showed a taxa richness
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of 24 and 34, respectively. The majority of tarlected were similarly of those with high tolerarto
varied conditions, and in this case, likely thogpedes who can survive poor intertidal conditioffew,
circulation, DO, substrate characteristic). Thessiith the greatest abundance of individualswigen
13,000 to 21,000) collected are sites locatedérbdck channels where circulation is extremelytérhi
and anoxic conditions have been observed and daanfML6, ML5, (ML4)S-02). In contrast, the 2007
sampling effort showed two orders of magnitude &ssndance overall and the site with the most
abundance (776) is located at ML-7 (same as S-Dthould be noted that in 2007, Malibu Creek
Watershed experienced severe wildfires in Octobbich led to extensive damage and likely large
influences to the nutrient loading and biogeochahtgcling within Malibu Lagoon. This likely
impacted both the natural and anthropogenic camditand the resulting biological and chemical
responses.

Table 8-9.  Benthic invertebrate species list, abund  ance and taxa richness collected during
winter 2010 USEPA Malibu Lagoon sampling effort

Taxa List S-01 S-02 S-03 S-04 S-05 S-06 S-07 S-08
ANNELIDA
Oligochaeta 6 104 11 60 3 8 51 50
ARTHROPODA
Atylus tridens 1
Carinonajna bicarinata group 3
Chironomidae 3 82 7 9 1 15 1 9
Coleoptera 1 1
Copepoda - Calanoida sp. 2
Copepoda - Harpacticoda 9 4 4 4

sp.

Ephydridae - Ephydra sp. 1

Gammarus lacustris 1

Hemiptera sp. 1 2 5 1

Hemiptera sp. 2 2 1

Holmesimysis costata 4

Isopoda cf Flabillifera sp. 1

Megalorchestia cf benedicti 1

Ostracoda - Podocopida sp. 508 2,057 794 2,817 454 935 475 427
Palaemon macrodactylus 4
Traskorchestia traskiana 19 3 1 2 16 115 14 7
MISCELLANEOUS PHYLA

Nematoda 1172 260 505 82 368 275 326
Abundance 538 3,428 1,083 3,401 561 1,448 816 829
Taxa Richness 5 10 7 7 10 7 5 8
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Table 8-10. Benthic invertebrate species list, abun  dance and taxa richness collected during
Spring 2011 USEPA Malibu Lagoon sampling effort

Taxa S-01 S-02 S-03 S-04 S-05 S-06 S-07 S-08
ANNELIDA
Oligochaeta 5,033 264 22 3016 1430 992 663 1612
Platynereis bicanaliculata 1
MOLLUSCA
Sacoglossa sp. 88 2 19 10
CRUSTACEA
Arachnida sp. 1
Coleoptera 10 1 118
Collembola sp. 1
Copepoda - Calanoida sp. 1 1 5 14 132 123
Copepoda - Harpacticoda sp. 2 83 4 32 1
Decapoda sp. larvae 1
Diptera sp. midge 4 6 14 88 211 64 6 54
Eogammarus confervicolus 2 6 1 5 59 137 2 59
Hemiptera sp. 37 338 238 8 10 1 1
Insecta spp. 1 14 4 3 2
Ostracoda sp. 124,139 | 5,443 2,983 | 37,428 | 41,768 914 158 1,756
Talitridae sp. 1 1
Traskorchestia traskaian 1
MISCELLANEOUS
Chironomidae 1
Chordata Juv. 0 1
Nematoda 67 365 27 123 129 124 6 131
Abundance 129,289 | 6,530 3,296 | 40,904 | 43,610 2,277 968 3,747
Taxa Richness 12 10 11 10 9 11 7 9

8.2.3 Malibu Lagoon Restoration Monitoring 2006-2007

SMBRC collected a representative benthic macrotebeate survey by conducting a benthic grab sample
and littoral sweep at a total of six sites duriB®@ (Table 8-11) and five sites in 2007 (Table §-12

2006, a total of 24 distinct taxa were observedthrccombining sampling methods resulted in calhect

a total of 65,302 individuals. Overwhelminglytrasods were the most abundant species collectaltl at
sites (76% of total individuals). Sites ML-5 and M showed the most number of individuals collected
(>21,000). The taxa richness ranged between $ades per site. For every site, the littoral gwet

the pre-defined area resulted in more taxa andiohakls collected. In 2007, a total of 34 distiteta

were observed and the combining sampling methadtesl in a total of 2,274 individuals collected.
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This is a significant difference between the twarge and likely due to the very different tidal bange
conditions observed between 2006 and 2007.

In fall 2006, the Lagoon waspenfor approximately two weeks prior to sampling, @ared with a 1-150
day closure prior to sampling. The percent algakcavas significantly greater in fall 2007, betwdd
38%, compared with 0-15% in fall 2006. The chammetted width for Malibu Lagoon was also
markedly different, between 75-135 ft in channalthiin 2007, compared with 50-60 ft in channel Wwidt
in2006. The greater coverage of water over ttextidal zone and for extended period in 2007 Yikel
flooded out some of the benthic invertebrate habital also modified the freshwater and saltwater
balance.

Although the total abundance was higher in 20086 tokal taxa richness was higher in 2007.
Examination of the species composition showedapptoximately 51% of the species composition was
due to a Corisella species, a hemipteran aquagéctrthat is highly tolerant to high chemical levahd
physical disturbance (Foltz 2009). Approximately@6f the species were due to ostracods and
cyclopoids. The nutrient load (TN, TP and Orga®@ébon) associated with sediment appear to decrease
with increasing sand composition of the substrétleconjunction to the increasing thickness of aiga
detritus as distance to the hydrologic connectidh® main channel Lagoon decreasing support the
critical role of tidal exchange; sites closer taltglogic connection showed greater abundance aad ta
richness in general. In 2006, better tidal exchamgalted in sites further away from the main clediof
the Lagoon and mouth (back channel sites) withtgregbundance; in these conditions, the floating
microscopic bivalve crustacean ostracods domindiedpecies composition. In 2007, with very nane t
limited tidal exchange, sites right adjacent othi@ main channel of the Lagoon had greater abuedanc
the highly tolerant Corisella aquatic insect donidathe species composition.

Table 8-11.  Benthic community species collected for the Baseline Malibu Lagoon Restoration
Monitoring Project in 2006 (2NDNAT URE. 2008)

Insecta Taxa ML2 ML4 ML5 ML6 ML7 ML8

Corisella sp. 0 0 0 3 0 0
Corixidae 61 19 903 2,058 1 58
Trichocorixa sp 13 3,859 251 1,018 1 42
Coleoptera Berosus sp 0 3 0 0 0 0
Coleoptera Hygrotus sp 0 0 13 4 0 0
Coleoptera Ochthebius sp 0 0 0 0 0 1
Diptera Clunio sp 0 1 0 0 1 0
Diptera Cricotopus sp 1 1 2 1 0 0
Diptera Dasyhelea sp 1 0 0 0 0 0
Diptera Dolichopodidae 0 0 5 0 0 0
Diptera Ephydrasp 190 189 144 51 3 0
Diptera Tanytarsus sp 1 0 0 0 0 0
Non-Insecta

Nematoda 1015 1852 69 276 2 19
Oligochaeta 63 74 53 64 146 40
Polychaeta 0 0 0 0 0 2
Ophiuroidea 0 0 0 0 0 1
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Insecta Taxa ML2 ML4 ML5 ML6 ML7 ML8
Ostracoda 3,314 | 7,132 | 19,923 | 16,911 | 1,925 606
Amphipoda Hyalella sp 1 61 3 0 0 0
Cyclopoida Cyclopoida 118 27 2 0 2 25
Decapoda Palaemonetes sp 0 0 0 0 0 130
Hoplonemertea Prostoma sp 7 0 0 0 0 0
Hypsogastopoda Hydrobiidae 0 0 0 0 0 1
Hypsogastopoda Tryonia sp 56 543 279 1,438 207 14
Mytiloida Mytilidae 0 0 0 0 0 2
Abundance 4,841 | 13,761 | 21,647 | 21,824 | 2,288 941
Taxa Richness (Across all sites n=24) 13 12 12 10 9 13

Table 8-12.  Benthic community species collected for
Monitoring Project in 2007 (2NDNAT URE, 2008)

the Baseline Malibu Lagoon Restoration

Insecta Taxa ML1 ML2 ML4 ML6 ML7
Collembola Isotomidae 3 0 0 0 2
Ephemeroptera Callibaetis sp 28 9 14 19 39
Odonata Aeshna sp 1 0 0 0 0
Odonata Ischnura sp 0 0 0 1 0
Odonata Libellula sp 0 0 0 1 0
Hemiptera Abedus sp 0 0 2 1 0
Hemiptera Corisella sp. 3 13 0 0 1
Hemiptera Corixidae 30 397 31 5 691
Hemiptera Macrovellidae 5 0 0 56 0
Hemiptera Trichocorixa sp 4 27 1 0 22
Coleoptera Berosus sp 5 2 8 0 3
Coleoptera Enochrus sp 0 0 0 2 0
Coleoptera Ochthebius sp 1 4 0 0 0
Coleoptera Rhantus sp 0 0 0 0 1
Coleoptera Tropisternus sp 1 0 2 0 1
Diptera Anopheles sp 0 1 1 11 6
Diptera Apedilum sp 3 2 0 4 0
Diptera Atrichopogon sp 1 0 0 0 0
Diptera Chironomidae 1 0 0 0 0
Diptera Chironomus sp 0 0 0 0 1
Diptera Cricotopus sp 7 0 0 10 12
Diptera Culex sp 0 0 0 1 0
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Insecta Taxa ML1 ML2 ML4 ML6 ML7
Diptera Dicrotendipes sp 0 1 0 0 2
Diptera Ephydrasp 0 0 0 0 4
Diptera Goeldichironomus sp 69 1 3 25 0
Diptera Polypedilum sp 1 0 0 0 0
Diptera Tanypus sp 0 0 0 0 2
Non-Insecta Taxa
Nematoda 0 1 0 0 0
Oligochaeta 5 0 0 0 0
Ostracoda 2 151 0 88 1
Amphipoda Hyalella sp 2 3 33 1 0
Basommatophora 0 0 0 0 0
Physa/Physella sp 1 0 2 0 0
Cyclopoida
Cyclopoida 264 0 0 108 4
Diplostraca
Chydoridae 3 0 0 0 0
Abundance 440 612 97 333 792
Taxa Richness (Across all sites n=34) 22 13 10 15 16

8.3 STREAM BENTHIC ALGAL DATA

The nutrient impairment listing for the Malibu Ckewatershed is based primarily on algal coverabee
TMDL (USEPA, 2003) establishes thresholds of 3@eet coverage for floating algae and 60 percent
coverage for mat algae.

Coverage by mat or periphytic algae was (and caatno be) a noted problem in Malibu Creek and
prompted the development of the nutrient TMDL. @ttoof periphytic algae is controlled by a variefy
factors, including nutrient availability, light alebility, temperature, substrate condition, grgziand
flow-induced scour. Malibu Creek has a generaitggt riparian canopy (Luce, 2003); however, natrie
concentrations are elevated, increasing the rigkoéss algal growth (see Section 7.5).

Extensive data on total algal coverage between 29831999 was collected by the Tapia WRF and as
summarized by USEPA (2003). Six sites on the rs@m all had more than 10 percent of observations
with greater than 30 percent algal coverage, agutidstation in the Lagoon. SCCWRP (Busse et al.,
2003) performed a detailed examination of algaldétions in 2001 and 2002, including measurements of
benthic chlorophylh densities, and concluded that most developedisitd® Malibu Creek watershed
had chlorophyll concentrations that “exceed suggested threshotdsteptable levels.” At most sites,
algal biomass was not limited by nutrients, bubeaty light availability and water current. Total
nitrogen, total phosphorus, and total chlorophghoentrations were all positively correlated whib t
proportion of upstream land covered by imperviausazes (Busse et al., 2006). Byron and DuPuis
(2002) examined 20 years of data on coverage bgttaehed alg&ladophora glomeratand also
concluded that nutrient concentrations were natiliignalgal growth in the creek. Instead, periphyt
algae varied positively with light and negativelighwvinter-season scouring flows.
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Luce (2003) reports multiple regression analysexgdl cover at Heal the Bay sampling sites for8199
2002. She found positive correlations betweerianttconcentrations and macroalgal cover, although
the relationships were somewhat complex. Phospiaate significant positive correlation to macredlg
cover in all seasons at sites with nitrate lesa tha mg/L, but not at sites with higher nitrate
concentrations. Nitrate was positively correlagith macroalgal cover in the spring, but negatively
correlated in the fall. Canopy cover did not apggeongly related to macroalgal density, excesitas
with low nitrate where there was a negative retathap in the spring (increasing macroalgal densiti
decreasing canopy cover) and a positive relatigristthe fall.

LVMWD (2011) suggests that high levels of algalwgtio in Malibu Creek are due to naturally elevated
levels of phosphate and nitrate in drainage froerMiodelo formation. The nature of these sediments
may indeed enhance nutrient concentrations; howehatrdoes not necessarily imply that currentilogd
rates are natural, as loading from these areashasg been increased by altered flows and activitias
increase erosion.

Giventhese studies, it is not clear if the exgtiatrient TMDL targets — even if fully implemented

would be sufficient to significantly reduce algaMerage in Malibu Creek. Heal the Bay has continoe
collect algal coverage data, which may be examioexyaluate whether conditions of excess algal
growth that may adversely affect instream biotaticoie to be present. Averages of reported algal
coverage for 2005-2010 at the two main stem siifssignificant amounts of data are shown in Table
8-13. Both sites have average coverage of mat¢algd above 50 percent and above the nutrient TMDL
threshold (USEPA, 2003).

Table 8-13. Average Algal Cover in Malibu Creek, He althe Bay Data for 2005-2010

Station Floating Algae Mat Algae
Site 1 — Malibu Creek near Mouth 27.5% 64.8%
Site 12 — Malibu Creek below Cold Creek 5.0% 83.7%

The data at these two stations from 1999 to 204 @latted against time in Figure 8-18 and Figu9g-
along with a 12-point moving average to suggespteai trend. Floating algae coverage clearly teads
be greater at Site 1, near the mouth, where gresdsea lower (Figure 8-18). Mat algae concentratio
are frequently very high at both stations, and atcshow any declining trend with time (Figure 8-19)
The recent trend for floating algae is below thep8fcent threshold presented in the nutrient TMDL,
while mat algae is typically above the 60 perceuttiant TMDL threshold (USEPA, 2003).
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Figure 8-18. Temporal Trends in Floating Algae Cove rage in Malibu Creek Mainstem
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Figure 8-19. Temporal Trends in Mat Algae Coverage  in Malibu Creek Mainstem

Box and whisker plots of the distribution of magad coverage at three main stem sites (also imgudi
Site 15, Malibu Creek below Cold Creek, for whichadler amounts of data are available) are provided
Figure 8-20 and compared to results for the twd HeaBay reference sites (Site 14, Solstice, atel S
18, Lachusa). Mat algae coverage is clearly muehtgr in Malibu Creek than at the reference sites.
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Figure 8-20. Box and Whisker Plots Comparing Mat Al  gae Coverage in Malibu Creek Mainstem to
Reference Sites

An examination of all the Heal the Bay mat algaeetage data shows that there is almost no comelati
between algae coverage and either inorganic Naygémic P concentrations (Figure 8-21). Notabdg 1
percent cover can occur at the lowest inorganidanttconcentrations, while low cover is often fdiat
high inorganic nutrient concentrations. In paitstmay reflect control by light limitations anchetr
factors; however, it also suggests that inorgantdent measurements may not provide a good indicat

of algal growth potential; instead total nutrieahcentrations may be better at providing an indiceof
primary production.
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Figure 8-21. Correlation between

Mat Algae Coverage

Nutrient Concentrations in Heal the Bay Data

(April 15 — November 15) and Inorganic

As described further in Appendix F, Busse et @0@) collected direct measurements of benthic algal
density as mg/fnchlorophylla during 2001 and 2002 at multiple sites in the BlalCreek

watershed. Maximum density was generally obsedwathg the August 2002 survey and is summarized
in Table 8-14. See Appendix F for further detaitsthe sampling sites.

Table 8-14. Summary of Chlorophyll

a and AFDM Data from the August 2002 Survey (Bussee t

al., 2003)
Benthic Benthic plus
Waterbody Land Use Sub-Habitat | chlorophyll a | Planktonic chlorg)phyll
(mg/m?) a (mg/m?)
Medea Creek Residential 1 | Sun Riffle 165.1 165.1
Medea Creek Residential 1 | Shade Riffle 50.0 50.0
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Benthic Benthic plus
Waterbody Land Use Sub-Habitat | chlorophyll a [ Planktonic chlorophyll
(mg/m?) a (mg/m?)

Medea Creek Commercial 1 | Sun Run 969.2 969.2
Medea Creek Commercial 1 | Sun Riffle 110.9 110.9
Medea Creek Commercial 2 | Sun Pool 133.1 413.0
Medea Creek Commercial 2 | Sun Run 73 123.5
Medea Creek Commercial 2 | Sun Riffle 66.9 66.9
Las Virgenes Multiple 1 Shade Run 383.9 383.9
Las Virgenes Multiple 1 Shade Riffle 504.0 504.0
Las Virgenes Multiple 2 Sun Run 102.6 102.6
Las Virgenes Multiple 2 Shade Run 531.1 531.1
Las Virgenes Multiple 2 Shade Riffle 255.9 255.9
Malibu Creek Below Tapia | Shade Run 341 341

Malibu Creek Below Tapia | Sun Riffle 230.3 230.3
Malibu Creek Below Tapia | Shade Riffle 258.1 258.1
Cold Creek Reference 1 Sun Pool 75.0 75.0
Cold Creek Reference 1 Shade Pool 6.5 6.5

Cold Creek Reference 1 Sun Run 8.3 8.3

Cold Creek Reference 1 Shade Run 3.2 3.2

Cold Creek Reference 1 Sun Riffle 9.6 9.6

Cold Creek Reference 1 Shade Riffle 16.2 16.2

Based on these analyses, the algae-related impdirmghe Malibu Creek main stem has yet to be
mitigated. Therefore, excess algal growth remaipstential stressor that could limit biological
conditions in Malibu Creek. This excess algal dglodoes not appear to strongly affect DO
concentrations in the creek, as excursions of fBecbiterion exist, but are infrequent (see Secii@);
however, excess growth of periphytic and attactgakacan also have a direct deleterious impact on

habitat suitability.

8.4 INVASIVE SPECIES

The New Zealand mudsnalP ¢tamopyrgus antipodardmwas first documented in samples from the

Malibu Creek watershed in 2005 (Abramson, 2009)is Thvasive species is of concern because it can
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reproduce by cloning and rapidly create massiverdes that disrupt the food web and displace native
benthic macroinvertebrates. While New Zealand mails have been documented in many western
states, their presence was not known in the Saatsidd Bay watershed prior to the analysis of the520
samples.

Individual mudsnails are tiny (3-5 mm in lengthiit lmay reach densities of 500,000 organisms per
square meter (Dorgelo, 1987). Unfortunately, thesyeasily transported from stream to stream by
attaching themselves to shoes and boots, fishiag geycle tires, boats, and animals.

The snail is a “nocturnal grazer, feeding on ptend animal detritus, epiphytic and periphytic algae
sediments and diatoms” (Benson and Kipp, 2008ecdise of their massive density and quantity, the
New Zealand mudsnail can out-compete and reduceumber of native aquatic invertebrates that the
watershed’s fish and amphibians rely on for fodd&dl the Bay, 2011;

http://sites. healthebay.org/news/2006/06_08_nzmailddefault.asp The snail “colonies disrupt the
food web by displacing native aquatic invertebrales fish and amphibians rely on for food” and énav
been found on more than 70 percent of substratplearm Malibu Creek (Abramson et al., 2009).

The mudsnails appear to be spreading in the M&iteek Watershed. Work by Heal the Bay has
documented the spread beginning in 2006. In that,the mudsnails were found at 14 of 44 sites (32
percent) in Media, Las Virgenes, and Malibu Cresdppr — including sites on Malibu Creek above and
below Cold Creek and near the mouth. In 2007 thene found at 20 of 56 sites (36 percent), inclgdin
sites in Lindero and lower Solstice Creek (a refeeesite for Malibu Creek). The mudsnails hadagre
to Cold Creek and Triunfo Creek by 2008, and in®2@@re also found in Ramirez Creek.

Jim Harrington (unpublished) began examining thetienship between IBl scores and New Zealand
mudsnail density in the samples and has not fowsttbag correlation. Mudsnails constituted only 3
percent of the biological sample in spring 200M&t-1 and 81 percent of the sample in Spring 20@9, y
the IBI scores were 26 and 27, respectively. Anoosy low IBI scores in Spring 2010 also had low
densities of mudsnails (from less than 1 perceht@tl to 13 percent at MC-15). To date, the atdéla
data do not confirm the New Zealand mudsnails gi$naary stressor.

8.5 ToxiciTy DATA
8.5.1 Malibu Creek

Water column toxicity in Malibu Creek has been freqtly assessed at the mass emission station
coincident with the stream gage downstream of tq@al WRF. Bay et al. (1996) examined two
stormwater samples in Malibu Creek using the 48ehabalone larval development and 20-min purple
sea urchin fertilization tests and found no toyiciSubsequently, LACDPW has conducted two wet and
two dry water column toxicity tests per year at thess emissions station, usi@griodaphnia dubia
(water flea) survival and reproduction aBtiongylocentrotus purpuratygurple sea urchin) fertilization
tests as part of their MS4 NPDES permit requiresietnnual results for the 2001-2002 through 2003-
2004 seasons showed no water column toxicity inlkddaCreek. (There is no published report for 2004-
2005). Subsequently, occasional toxicity has lmeserved. Through the 2009-10 season, sea urchin
fertilization was impacted in 2006-2007, 2007 -20@&] 2008-2009 wet weather samples, as well as a
2009-2010 dry weather sample, whitedubiasurvival was impacted in the 2008-2009 wet weather
samples an€. dubiareproduction was impacted in the 2005-2006 and ZD8 dry weather samples.
In each case, the toxic effect apparently dissgpafter holding the sample; therefore, the annual
modeling reports attribute the cause to volatilendicals.

Brown and Bay (2005) examined toxicity in eight dwyather and two stormwater samples from Malibu
Creek at the HTB-01 station near the mouth. Oneobeight dry weather samples showed acute tgxicit
(survival) and two out of eight showed chronic tityi (reproduction) t&C. dubia The analysis was

8-39



Malibu Creek & Lagoon TMDL December 2012

focused on organophosphorus pesticides and corttthdethese were unlikely to be the causes of the
observed toxicity, which was more likely relatedstdfate and other total dissolved salts. Higbeels

of toxicity were observed in Las Virgenes Creekdlly associated with salts) and Medea Creek (likely
associated, at least in part, with diazinon).

8.5.2 Malibu Lagoon

Sediment toxicity in Malibu Lagoon has been examingh amphipod toxicity tests as part of the
“Bight’ sampling program conducted every five yeahs both 1998 and 2003 no toxicity was reported
for Malibu Lagoon (Bay et al., 2000; Bay et al.08). A total of seven sites were analyzed in Malib
Lagoon in 2003. Bight 2008 (Bay et al., 2011) wiid include sediment toxicity results for Malibu
Lagoon.

Additional sediment toxicity results for a samptglected in Malibu Lagoon in 1993 are reported in
Anderson et al. (1998). This report confirms theemce of toxicity to amphipods. Mussel developgmen
tests apparently showed some impact from exposwselisurface water, although the results are not
discussed in the text.

8.6 PHYSICAL HABITAT INFORMATION

Heal the Bay analyzed physical habitat quality ssarsing the Rapid Bioassessment Protocol (RBP)
from 2000 through 2008. The RBP (Barbour et &99) analyzes 10 different metrics for physical
habitat. These metrics vary somewhat for highigragdind low gradient streams; the low gradient
options are shown in parentheses below:

1. Epifaunal substrate/available cover
Embeddedness (or pool substrate)
Velocity/depth combination (or pool variability)
Sediment deposition

Channel flow status

Channel alteration

Frequency of riffles/bends (or channel sinuosity)
Bank stability

© © N o 0 A~ WD

Bank vegetative protection
10. Riparian zone width

Each component receives a score from 0 to 20 anohtlividual scores are added to form a physical
habitat score with a potential range from 0 to 28@ores from 150 to 200 are considered optimageth
from 100 to 150 suboptimal, from 50 to 100 margiaald below 50 poor. The range of results are show
in Table 8-15 and compared to reference sitesgargi8-22 below. All average scores are eithammbt

or suboptimal. The averages for lower Malibu Cr@dkc-1 and MC-15) are slightly lower than those for
the reference sites, but the scores overlap sufmtan Individual component metrics have not been
provided for these data.
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Table 8-15. Physical Habitat Scores (RBP) for Malib  u Creek, Heal the Bay 2000 - 2008

Station Count Range Average

MC-1 (Malibu Creek at 6 123 - 151 142

Discharge) (suboptimal)

MC-15 (Malibu Creek 6 122 — 159 142.2

below TapiaWWTP) (suboptimal)

MC-12 (Malibu Creek 5 141 - 178 167.2

upstream of Bridge Rock (optimal)
Pool)

LCH18 (Lachusa Creek) 4 131 -182 163.2

(optimal)

SC14 (Solstice Creek) 4 138 -179 155.2

(optimal)

CH6 (Cheseboro Creek) 3 134 -139 136.3

(suboptimal)

Las Virgenes Municipal Water District also repdRBP Physical Habitat Scores for their monitoring
stations for 2006, 2008, 2009, and 2010 (Table 8+kbFigure 8-22). The overall scores are somewhat
lower than those at the Heal the Bay sites, arditizibe in the marginal to sub-optimal range. 3ites
with lower average RBP scores tend to have recgieed or marginal ratings on the embeddedness,
sediment deposition, and riffle frequency measures.

Table 8-16. Physical Habitat Scores (RBP) for Malib  u Creek, LVMWD 2006 - 2010

Station Count Range Average

145

R-13 4 128 - 155 (suboptimal)
111

R-2 4 101 -117 (suboptimal)
92

R-1 4 73-119 (marginal)
98

R9 3 84 — 106 (marginal)
91

R-4 4 74 -120 (marginal)
112

R-3 4 91-136 (suboptimal)
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Figure 8-22. Range of Physical Habitat Scores at Ma  libu Creek Mainstem and Reference Sites

Note: Maximum, minimum, and average RBP Physical Habitat Scores from Heal the Bay and LVMWD sampling.

The 2005 Malibu Creek Bioassessment Monitoring RnogReport (Agquatic Bioassay, 2005), conducted
as part of the Malibu Creek Watershed MonitoringdPam, provided data for eight sites in the Malibu
Creek watershed. This included SC-IBI results pimgsical habitat scores (including substrate
complexity, embeddedness, consolidation, and pefues). For four of the eight sites (including
Malibu Creek above the Lagoon — the only stationhenmain stem included in that survey) the physica
habitat was rated as optimal or suboptimal. Tpenteconcludes that, for these four sites, “stresssther
than habitat conditions may have impacted thess.5itOnly a few of the sites in the watershedistid

in 2005 show physical habitat conditions that ated as poor with evidence of excessive sedimentati
and all of these are on tributaries, not MalibueBrproper. The Fish Migration Barrier study (Absm
and Grimmer, 2005) also shows good to excellenitdiadpuality along the main stem.

In 2009 and 2010, Heal the Bay collected SWAMP maydabitat measures and did not report RBP
scores. An interpretation of these data is currémtpreparation and not yet available to USEPA.
However, preliminary analysis suggests that neipleecent cobble embeddedness nor bank stability is
strongly correlated with 1Bl scores at the Heal Bagy stations (Figure 8-23). This may be due ¢o th
nature of the geology of the naturally erodibldssi Malibu Creek Watershed.
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Figure 8-23. Relationship of SC-IBI to Percent Cobb le Embeddedness and Percent Stable Banks
at Heal the Bay Stations

Note: Physical habitat measures are as reported by Heal the Bay for 2009 — 2010; SC-IBI scores are the medians for
2000 - 2010

Los Angeles County also developed RBP physicaltéiabtores for their sampling at fixed sites during
2003 through 2008. These do not include stationg® main stem of Malibu Creek. Stations on Medea
Las Virgenes, and Triunfo creeks (all of which Ipedr to very poor SC-IBI scores), had physical tabi
scores ranging from 85 to 141, which are in theginat to sub-optimal range. The Cold Creek station
with better biota, had physical habitat scores ir@nfrom 164 to 170.

In 2009, Los Angeles switched to randomized moimitpsites and substituted the SWAMP physical
habitat procedure for the RBP methods (Weston, 20001). The physical habitat measures are
summarized using the California Rapid Assessmenhbdtimlogy (CRAM) score, which ranges from 25
to 100. While quality rankings have not yet bessigned to CRAM scores, they are useful for aixedat
comparison. Weston (2011) reported a correlatatmben CRAM score and SC-IBI witHf R 0.546,

but the strength of this relationship is in largetglue to concrete-lined channels that have l0W@R
and low IBI.

In both 2009 and 2010 Los Angeles County includediomized sites on the Malibu Creek main stem.
In 2009, site SMC01384 (Malibu Creek at Malibu Gamyroad) had a CRAM score of 83 relative to a
range of scores across LA County of 27 to 85. Bamfire reported as stable, and the site received a
score of 14 out of 20 for sediment deposition. 4@ site further upstream, SMC02152, Malibu Creek i
Malibu State Park upstream of Las Virgenes Creildgd a CRAM score of 78 and was also noted as
having stable banks and a sediment deposition sédr2 out of 20. Thus, CRAM does not appear to be
a good predictor of SC-IBI at these Malibu Creedtishs.

In summary, biota in the main stem of Malibu Creeknot appear to be strongly limited by physical
habitat condition alone, although physical habgad¢ss than optimal and likely contributes to |08€-

IBI scores. Isham (2005) undertook a summary stidiie relationship between IBI scores and physica
habitat quality scores from monitored sites in Bogjeles, Orange, and San Diego counties. The
reference sites had good IBI scores and good pdiyisiditat scores. However, the urban sites showed
consistently lower IBl scores regardless of phydieditat score, indicating “that there was virtyiado
relationship between macroinvertebrate communisftiuand physical habitat quality in the preseate
urban runoff’. Instead, urbanization appears tadsociated with impaired 1Bl scores via otherssoe-
impact relationships.
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9.Linkage Analyses

The linkage analysis defines the connection betwemsneric targets and identified pollutant souraes a
may be described as the cause-and-effect relatipbstween the selected indicators, the associated
numeric targets, and the identified sources. phiwides the basis for estimating total assimikativ
capacity and any needed load reductions. For fhigdel s, a stressor identification was performedtas t
linkage analysis. Additional background informatismprovided in Appendix E, which summarizes some
key studies in the watershed. A hypothetical lggkanalysis example is presented in Appendix G to
illustrate how this approach considers the multyggables to determine the critical stressors @nges

The benthic macroinvertebrate communities in Malivaek and Estuary have been adversely affected,
as shown by low bioscores. USEPA concludes tAAMBL is necessary to address the impacts. Since a
single stressor was not identified as the sourabeobenthic community degradation during thenipbf

the impairment, USEPA conducted a detailed, angtstred examination of the potential stressors to
identify candidate causes of impairment. To acd@ihis, the methodology outlined in USEPA’s
Stressor Identification Guidance (SIG) (USEPA, 25)0@vhich constitutes volume 1 of the Causal
Analysis/Diagnosis Decision Information System (Q2IS; http://www.e pa.gov/caddisis followed in

this section.

9.1 STRESSOR IDENTIFICATION PROCESS

The ability to accurately identify stressors antkdd the evidence supporting those findings isitecat
step in developing strategies that will improve dgoality of aguatic resources. The SIG lays out a
detailed and rigorous approach to identify stresHaat cause biological impairment in aquatic
ecosystems while providing a structure to orgatiizescientific evidence supporting the conclusions.

The Stressor Identification approach involves ti#ing steps:

1. List Candidate Causes

2. Analyze Evidence
a. Measurements of the candidate causes and responses
b. Measurements of exposure at the site and measfuefects from laboratory studies
c. Site measurements and intermediate steps in a cha&wusal processes, and
d. Cause and effect in deliberate manipulations d&d fituations or media

3. Characterize Causes
a. Eliminate Alternatives
b. Diagnostic Analysis
c. Strength of Evidence Analysis
d

Identification of Probable Cause

9.1.1 List Candidate Causes

The first step in investigating the potential caustthe degraded benthic macroinvertebrate communi
is to develop a list of potential causes. The hiemtfacroinvertebrate community may be stressed by
degraded habitat, physical stressors, invasiveiespaar adverse water quality conditions. Habitay ine
degraded by flow alteration, increased sedimentapoor sediment quality or excess algal densay th
reduces favorable habitat conditions. The bentlicroinvertebrates population may also be reduced
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because of physical stressors that cause devidtmmsthe natural conditions. Degraded water gualit
due to anthropogenic activities can also adveiisgbact the benthic macroinvertebrates population.

A conceptual model is developed, describing theyays by which potentially controllable activities
may impact the benthic macroinvertebrate commuRitgximate and interacting stressors and stressor
sources are identified. Proximate and interacttressors (termed Major Stressors in this docunast)
conditions that occur at an intensity, duratiord irquency of exposure that results in a chandleein
ecological condition. Sources are origins of stesshat release or impose a stressor into a wadgrb
This model guides the analysis and characterization

9.1.2 Analyze Evidence

Analyzing evidence requires reviewing the potengddtionships between candidate causes and olokserve
impairments to determine if the causal pathway fsmorce to impairment is complete. For a causal
pathway to be considered complete, a source mystelsent and linked to a stressor, which must bigen
linked with the resulting impairment. Ideally, egitte from the site comprises the body of the wesht
evidence supporting the causal relationship. Inyntases, however, sufficient data may not be avlaila
from the site to support the entire causal pathwaylitional information from other, similar sitesich

from laboratory studies may be used to evaluatstiieagth of the causal relationship. For eachntiate
stressor, this section asks the following questions

1. Are there associations between measurements oftitidate causes and the observed
impairment effects? Do the cause and effect ogtthre same time or place? If the cause is not
present, is the effect also not present? Is tlemity of the causal factor related to the magieitu
of the effect?

2. Do studies performed elsewhere indicate a caulsdlaeship between the candidate cause and
the observed impairment effects?

3. Are there intermediate measurements that are assdaowith the causal mechanism that can
proxy for measurements of the cause itself?

4. Does experimental mitigation or manipulation of tagise support a cause and effect
relationship?

This section of the Linkage Analysis is inheretlithked to the following section, Characterize Cause
The

9.1.3 Characterize Causes

The third step (“Characterizing Causes”) evalutdtesevidence previously assembled to reach a
conclusion and state the levels of confidence ércidnclusion. This step relies on three substeps:
eliminate candidate causes for which case-spemifitence clearly shows that a necessary step in the
causal pathway does not occur; diagnose candidates for which case-specific evidence clearly and
specifically indicates a candidate cause; andlfinperform a strength of evidence analysis.

9.1.3.1 Eliminate

The first sub-step is to eliminate those altermegiin which the evidence does not support a sognifi

role in the observed impairment. Elimination ofguattal causes requires care as the dominance of one
cause may mask other sufficient causes. Only camsere lack of evidence for causality is unambiguou
should be eliminated.
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9.1.3.2 Diagnose

A further technique to narrow the list of candidedgises is to consider diagnostic analysis. Wheheas
elimination step relies on negative evidence (eugexposure pathway notpresent), diagnostic analysis
relies on positive evidence (e.g., a particular gtpmis present). The diagnostic approach is most
appropriate for stressor identification when orgams are available for examination, the candidatees
are familiar enough that protocols have been dstadd, and there is a high degree of specificityr@n
cause, the effect, or both.

9.1.3.3 Strength-of-evidence Analysis

Strength of evidence analysis uses the informat@sloped in the data analysis to determine if the
candidate causes have a true effect on the bem#gcoinvertebrates. The causal considerationdéor t
strength of evidence analyses used three typeddémce: case-specific evidence, evidence fronrothe
situations or biological knowledge, and evidenceeizon multiple lines of evidence

In general, the strength of evidence analysisdatdn the Stressor Identification Guidance (USEPA,
2000b) follows principles derived from epidemiolo@ylill's Criteria”).

The first four, case-specific considerations diseevaluate an observed case:occurrencdof cause

and effect)temporality(the cause must precede the effduitjlogical gradient(the effect should increase
with increasing exposure), andmplete exposure pathwéfe stressor must be able to reach the
receptor).

The next four considerations combine informatiamfithe case at hanplausibility (the degree to which
a cause and effect relationship would be expedtexhdnown facts)specificity(the impact is associated
with only one or a few potential causes)alogy (similarity to any well-established cases), aneldictive
performance

The last two considerations evaluate the relatipaséimong all of the available lines of evidence:

consistencyfagreement among all lines of evidence), esloerency of eviden¢evhether a conceptual or
mathematical model can explain any apparent instewiies among the lines of evidence).

9.2 LisT CANDIDATE CAUSES

Unlike the simple hypothetical example presenteippendix G, the various potential causes of
impairment in Malibu Creek and Lagoon interact vatte another in complex ways. Candidate causes
(as identified in preceding sections) and key lggsato impaired biology are summarized in a site
conceptual model in Figure 9-1. Note that onlgwa bf the many interactions are explicitly showrthis
figure. For example, turbidity can affect algabwgth. The items shown at the top are the major
candidate causes. These include both human égiaihd resulting stressor sources (top rows).sé he
stressor sources are linked to responses througtiey of causal pathway steps and/or modifying
factors (interacting stressors, modifying factars] proximate stressors). For example, channel
sedimentation is a proximate stressor impactirgastrbiology that itself is related to a number of
stressor sources and human activities.

9.2.1 Major Stressors

Stressors are conditions that occur at an intgrdiitsation, and frequency of exposure that resulés
change in the ecological condition (SIG); they bareither proximate or interacting, as shown inufdg
9-1. The list of candidate stressors below predestis proximate and interacting stressors to better
separate and identify the likely causes of biolalgimpairment in Malibu Creek and Malibu Lagoon.
Based on the analyses in the preceding sectiotiésofeport, there are five major stressors that ar
potential causes of biological impairment in MaliBreek and Estuary. These are:
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Al

A2.

Reduced Habitat Quality from Sedimentation: Excess sedimentation is documented in Malibu
Creek and Lagoon, and is a known cause of hatigadation with likely adverse impacts on
benthic macroinvertebrate. Wood and Armitage (3 #9@vide the following summary: “Fine
sediment suspension and deposition affects beinméctebrates in four ways: (1) by altering
substrate composition and changing the suitakifityhe substrate for some taxa...; (2) by
increasing drift due to sediment deposition or falbs instability...; (3) by affecting respiration
due to the deposition of silt on respiration stuoes... or low oxygen concentrations associated
with silt deposits...; and (4) by affecting feedingiaities by impeding filter feeding due to an
increase in suspended sediment concentrations.ugiregdthe food value of periphyton..., and
reducing the density of prey items.” Sand de posits also problematic as it provides an
unstable substrate and can impede upstream migmtismother benthic communities.

Increased sedimentation can arise from both uptauddn-channel sources; however, itis most
strongly associated with changes in the flow redina¢ cause channel instability. Sediment
related problems are frequently associated withsairethe watershed that has experienced large
storm events, leading to very unstable banks (gekelece from USEPA physical habitat
sampling); this likely led to soil detachment aedisnentation. Another significant source is
likely from impervious areas and possibly lake H&ge from Malibou Lake. Both of these
sources would lead to increased runoff and headiyrsmntation from the already unstable banks,
low embeddedness and poorly vegetated ripariars ateag Malibu Creek main stem. The
stressor may be something that either directly iphily modified the benthic community or
indirectly affected its habitat. Because the setlirtelated habitat metrics have been low,
sediment appear to be the most plausible caugeesgsn Malibu Creek main stem.

The only point sources included in this watershedtbe storm water MS4 discharges and the
Tapia Water Reclamation Facility. Tapia does mautear to be a source of discharge leading to
impacts from sedimentation due to the evidence foenthic macroinvertebrate scores and
physical habitat data from upstream and downstrefihapia’s discharge point. Agriculture in
this watershed is minimal, with a small growing ptation of wineries and nurseries.

Reduced Habitat Quality from Excess Algal Growth: Excess algal growth associated with
nutrient enrichment has long been observed in takbM Creek watershed, resulting in USEPA
Region 9 establishing nutrient TMDLs in 2003. USE®PAMDL document noted that “...the
proliferation of algae can result in loss of inedrate taxa through habitat alteration,” while hlga
mats “may result in eutrophic conditions where aligad oxygen concentration is low...and
negatively affect aquatic life in the waterbody...”
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A3. Reduced DO from Excess Algal Growth or Oxygen-demanding Wastes. Low DO has been
observed in both Malibu Creek and its tributarathough observations of daytime DO meet the
minimum DO criterion most of the time (Figure 7-Bata show that early morning DO levels are
well below the criterion for some pools in lower Ia Creek. Additionally, Sikich et al. (2012)
report that the Malibu Lagoon “suffers low Dissalv®xygen (DO) levels...In a 2005 study
[Briscoe et al., 2002], pre-dawn dissolved oxygencentrations averaged 1.15 + 0.12 mg/L SE,
significantly below Basin Plan thresholds.” Asewabove, impaired DO may result from excess
algal growth. It can also be caused by dischasfiesygen demanding wastes and is
exacerbated by elevated water temperatures, whitthim may be linked to impervious surface
runoff, impoundments, and removal of riparian vatieh. Regardless of the cause of low DO,
benthic macroinvertebrates require adequate D®uwwival, and low DO conditions are
stressors that potentially cause biological impaintn

A4. Toxicity from Mealsor Organic Toxics: Occasional water column toxicity has been regzbrt
for Malibu Creek since 2005 (Brown and Bay 2008)Malibu Lagoon, two sediment sites out of
eight exhibited toxicity (Meyers et al., 2001). Anety of substances, including various metals,
ammonia, and organic chemicals such as pestidieekicides, and petroleum products can cause
acute (e.g., lethality) and/or chronic toxicityge reduced reproductive success) in benthic
macroinvertebrates. Toxicity is most often asgedanith anthropogenic loads (wastewater
discharges, urban runoff); it some instances, it algo reflect natural conditions, caused by
naturally elevated water column or sediment corraéions. For instance, sulfate and selenium

concentrations may be naturally elevated in thaabasin due to its geology (LVMWD,
2011).

Stormwater in Malibu Creek often has elevated xxiconcentrations. Those increased
pollutant levels have been shown at times to haleterious effects based on toxicity tests in
Malibu Creek (see Section 8.5.1). Also, monitorifada indicates that in about half the samples,
selenium exceeded acute standards in

63 percent of the dry weather samples and chreaigards in approximately half the wet
samples reported at LACDPW's mass emission statioMalibu Creek from 2003-2010.

Sulfate acute and chronic standards were exceedggproximately half of both the wet and dry
samples. The toxicity analyses of Brown and B®0& described in Section 8.5 suggest that
sulfate and other dissolved salts were the likalyse of observed dry and wet weather toxicity.

A5. Niche Competition from Invasive Species: New Zealand mudsnails have been observed in
Malibu Creek since 2005, and are spreading in thierahed. Abramson et al. (2009) report that
the New Zealand mudsnail “colonies disrupt the faeth by displacing native aquatic
invertebrates that fish and amphibians rely orfdod” and have been found on more than 70
percent of substrate samples in Malibu Creek. Qtbernative invasive plants and animals are
also reported in the watershed (Sikich et al., 202general, invasive species impair native
ecosystems by outcompeting native species for reesisuch as food or habitat and ultimately
reducing species diversity (Strayer, 2010).

9.2.2 Major Stressor Sources

Sources are origins of stressors that releaseposiena stressor into a waterbody. Seven groups of
stressor sources are listed as potential causgssefved impairment for further evaluation:

B1. Altered Hydrology: Altered hydrology, in addition to changing thevi regime, causes
increased erosion and sedimentation. Hydrology alihh Creek has been altered by a
combination of increased impervious area (whichdases flow peaks), irrigation (which
increases base flow levels), and impoundments (wiécrease net flows and smooth out peaks).
The IHA change analysis showed dramatic changbstimhigh and low flows, with large
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increases in both summer low flows and winter stonw peaks (see Section 6.2). Median low
flows increased in all months except February amaddid when comparing gaging for water years
1992-2009 to 1932-1965. The increased gquantitiésvoflows likely creates unfavorable stream
habitat for native benthic macroinvertebrates redato the reference locations.

In general, the rates of flow rise and fall do sledbw statistically significant differences over
time, and there is little difference in small i@odThe more significant (< 10 percent)
observations are the changes in high flow puls&péag., above baseflow) and timing, and
large flood peaks and timing. The high flow pulaes smaller and occur later in the year post
impact, while the large flood peaks are greateraudir earlier in the year. Both of these factors
likely have enough force to to modify the physmanditions and morphology of the streambed,;
the changes in large floods can also have impoc@mequences for the physical habitat of the
floodplain. Although large flood peaks increasexf 5,370 to 7,360 cfs, these episodic flows
would not dramatically affect the benthic commurdisectly because the associated velocities of
each flow event would not increase by the sameegmtaige. However, the cumulative impact of
these modified flows on the habitat structure asmosition would directly affect the benthic
community.

In addition, hydrology in the Malibu Lagoon has bedtered due to changes in upstream flow,
filling and constrictions of the Lagoon, and chagsgethe rate of opening to the ocean.

B2. Channel Alteration: Hydromodification to the stream channel haspbiential to change the
shape of the stream, redistribute sediments, chduegsediment sizes, and erode channel sides.
The major alterations to the channel of Malibu ®raed its tributaries have been the creation of
several lakes or impoundments. Malibu Lagoon le@nkextensively modified over the years by
sediment fill, surrounding development, constructd railroad/road crossings, and intentional
breaching of the barrier beach to allow draw doWimpounded water.

B3. Fire Impacts: Fire is a recurrent and important factor of edscape in southern California that
can cause important temporary changes in runofsediment loading. In the years after intense
fires, the lack of viable vegetation results iraased peak runoff and elevated sediment loads,
and massive turbidity flows; these actions can ehp#logy directly. Although fire is a natural
phenomenon in chaparral landscapes, human intéoweiotsuppress fire events and magnitudes
can lead to less frequent, but more intense ancging fires. Malibu Creek Watershed has
experienced many significant fires over the pastss decades.

B4. Point Source Discharges: Wastewater treatment plants and other permjittéat source
discharges can contribute to excess loads of migriexygen demanding waste, and other
pollutants. Within the Malibu Creek Watershed, oimty traditional permitted point source
discharge is the Tapia Water Reclamation Facilithdn runoff in Los Angeles County is also
covered by a NPDES MS4 point source discharge pelomti is addressed separately under the
heading “urban runoff’). The Tapia WRF, built i8@5, discharged to Malibu Creek along
Malibu Canyon Road. Discharges from Tapia were sy restricted by orders of the RWQCB
in 1997-1999. Since then, discharges to Maliblelcere prohibited from April 15 to November
15. Much of the reclaimed water is used for irtiga. Winter discharges occur, but are
restricted to 8 mg/L total inorganic N and 3 mgdtat P in accordance with the 2003 nutrient
TMDL and permit modifications. LVMWD (2011) repottisat the median nitrate-N
concentration upstream of the Tapia dischargedsitah 0 mg/L during the discharge season
(winter) and 0.5 mg/L during the non-discharge sagsummer), while the median concentration
downstream is 2.88 mg/L during the discharge se@simter) and 0.2 mg/L during the non-
discharge season (summer). Total N concentratiookiding organic N) are higher, and the
LACDPW mass emissions station reports a mediahkbtancentration during the non-
discharge season of 1.65 mg/L downstream of TapéMWD (2011) reports that the median
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POs-P concentration upstream of Tapia during the rieakdirge season (summer) is 0.10 mg/L,
while the downstream concentration during the nisolthrge season (summer) is 0.29 mg/L.,
perhaps reflecting the effects of past discharges.

B5. Urban Runoff: Urbanization accounts for an increase in imprusisurface in the watershed
from 5.26% in 1990 to 6.95% in 2008. While mostlaf watershed remains undeveloped, this
impervious area percentage increase is conceniratgties along the 101 corridor, leading to
more expansive impervious grounds in one area. rdrnpervious surfaces play an important
role in altering the flow regime by reducing infiltion and increasing “flashiness” of stream
flooding. Additionally, urban runoff is a potentisburce of a variety of pollutants, such as
bacteria indicators, nutrients, copper derived flmake pads, pesticides, herbicides, and
petroleum products. Active urban developmentyaatonstruction) results in increased
sedimentation from surface runoff. Urban runoff.as Angeles and Ventura Counties is covered
by two unified NPDES MS4 point source dischargarper

B6. Agricultural Runoff: In many watersheds, agricultural runoff (inclglirrigation return flow)
is a potential cause of impairment. Agriculturahaff can contribute to elevated levels of
sediment, nutrients, pesticides, and herbicideteliBa imagery data indicate that agricultural
land use inthe Malibu Creek watershed has dealdesm 1.9% in 1990 to 1.3% in 2008 (Table
4-2). However, Goepel et al. (2012) report that ynaxisting vineyards are small, situated
adjacent to residential structures, and likelyespnt “hobby vineyards.” These small vineyards
cannot be identified in the satellite imagery, #rg made it challenging to evaluate its potential
for loading. Currently, the amount of agriculturahoff within the watershed appears to be
minimal, but improved geographical information andnitoring data will provide a better
indication of this source.

B7.Natural Geology: In some watersheds, stressors are elevatedchairal conditions. The
Malibu Creek Watershed occupies the unique geotbglle Santa Monica Mountains. This is an
area with rapid uplift rates, resulting in natuydligh rates of erosion and sedimentation (see
Section 4.4). The marine Modelo formation outcrbase elevated levels of sulfate, phosphate,
and various metals (LVMWD, 2011), including selemiurhese deposits may contribute to
naturally elevated levels of not only selenium, cmihophosphate, sulfate, and total dissolved
solids, as well. Such conditions may result indagidal impairment from sedimentation and
reduced habitat quality or toxicity.

9.3 ANALYZE EVIDENCE AND CHARACTERIZE CAUSES

The previous section, “List Candidate Causes” ifiestsources and stressors that are present in the
impaired watershed and that may be responsible-eresingly or in combination—for the biological
impairment. This section presents an analysis etthidence for each of the five major sets of atténg
and proximate stressors that are potential caddgslogical impairment in Malibu Creek and Estuary
and the seven groups of stressor sources thatsarermumerated as potential causes of observed
impairment for further evaluation. SC-IBI scoree avidently lower for impaired sites compared with
reference sites: average SC-IBI scores range bataggroximately 20 and 25 for impaired sites,
compared with scores between 55 and 65 for refersites.

Multiple causal pathways are evaluated for Malibeek and Lagoon. As shown in the conceptual model,
however, the causal pathways are not fully indepahdverlap between the pathways results in the
following set:

1. Reduced habitat quality from excess sedimenta#id) ¢an be caused by altered hydrology (B1),
channel alteration (B2), fire impacts (B3), urbanaff, including runoff from construction sites
(B5), agricultural runoff (B6), or natural geolo@7)
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2. Reduced habitat quality from excess algal growt®)(@an be caused by point source discharges
(B4), urban runoff (B5), or agricultural runoff (B6

3. Reduced DO (A3) can be caused by excess algal lgn@stilting from point source discharges
(B4), urban runoff (B5), or agricultural runoff (B@r by oxygen-demanding wastes resulting
from point source discharges (B4)

4. Toxicity from metals or organic toxics (A4) candmused by urban runoff (B5) or natural
geology (B7)

5. Niche competition (A5) can be caused by invasivecEs (B8)

This section first explores the linkages betweearhesdressor and observations of biological impairtme
Then, linkages between sources and stressors alaed. The strength of evidence for each carglidat
cause is presented within this discussion, to ragirdoherence between the presentation of the mwéde
and the conclusions drawn from it. Additionallycen 9.4 summarizes the Characterization and ptese
the results in tabular format.

Al Reduced Habitat Quality from Excess Sedimentation: Sources of excess sedimentation include
altered hydrology (B1), channel alteration (B2 fimpacts (B3), urban runoff (B4), constructicte si
impacts (often resulting from urban developmergjicltural runoff (B6), or natural geology (B7)aéh
of these sources are discussed below; construsit®timpacts are discussed with urban runoff (B4).

Malibu Creek

Sedimentation in the Malibu Creek watershed is.Hiybasures of sedimentation include TSS and
turbidity. TSS monitoring data are limited for Mali Creek. Elevated TSS or SSC concentrations are
documented for the main stem (at two sites, by US&Rl LACDPW), but TSS data are not available
for most other biological sampling sites and theme o not provide sufficient information for a
comparative analysis of evidence. On the other hamblidity data are routinely collected by Head th
Bay, predominantly, but not exclusively during avgather. The three impacted sites all show incobase
turbidity relative to the reference sites, with eages at the impacted sites ranging from 1.3162 RTU
compared to 0.27 to 0.75 NTU at the reference.diigsess sedimentation also has been demonstmated b
sedimentation in the Lagoon and the filling of pa®l behind Rindge Dam such that it was 85 percent
filled by 1949 (Ambrose and Orme, 2000). Furthemméteal the Bay’s Stream Walk program reported
that 21.29 miles of 68 surveyed stream miles wergaired by excess fine sediments. Only 0.29 mifes o
the impaired streams occurred upstream of develapEak. Biological impairment largely occurs
downstream of impaired areas (see B7 below).

RBP Physical Habitat scores, which aggregate ®@imigual scores including embeddedness, sediment
deposition, and bank stability (a measure of eropmtential), were similar between impaired and
reference sites and generally fall within the ogfiior sub-optimal categories. The 2005 Malibu Creek
Bioassessment Monitoring Program (Aquatic Bioas895) Report concluded that, for the four sites
rated optimal or sub-optimal (of eight total sité'sjressors other than habitat conditions may have
impacted these sites.” However, the few sites gippoor physical habitat are all on tributariest on
Malibu Creek proper, and were rated poor due tessiwe sedimentation. The impact of sedimentation
on the tributaries likely would impact the mainrate ... Las Virgenes Municipal Water District also
reports RBP Physical Habitat scores: sites witteloaverage RBP scores tend to have received poor or
marginal ratings on the embeddedness, sedimensitiepp and riffle frequency measures.

The following information on sedimentation is exuted from USEPA's CADDIS website (USEPA,
2012):

High suspended sediment concentrations can adyes$ielct aquatic biota by four main pathways:
(1) impairment of filter feeding, by filter cloggiror reduction of food quality; (2) reduction cdlit
penetration and visibility in the stream, which nadigr interactions between visually cued predators
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and prey, as well as reduce photosynthesis andthrbwsubmerged aquatic plants, phytoplankton,
and periphyton; (3) physical abrasion by sedimgwtsich may scour food sources (e.g., algae) or
directly abrade exposed surfaces (e.g., gillsigifefs and invertebrates; and (4) increased heat
absorption, leading to increased water temperatuBEposited and bedded sediments may lead to
biological impairment by three main pathways: (i9reased coverage by fine particles, which can
alter benthic habitats (e.qg., increasing fine sudntet habitats favored by burrowing insects and
tolerated by nest cleaning fishes, or reducing degmol habitats) and bury relatively sessile taxa
and life stages (e.g., fish eggs); (2) cloggintérstitial spaces, leading to reduced interstiflaws
and habitats; and (3) reduction of substrate sieagding to reduced substrate diversity and stapilit
Deposited sediments can have indirect effects dhycieg oxygen levels either with restricted flow
through streambed substrates or by oxygen consampti bacterial respiration, especially when
sediments contain a high concentration of orgarétten.

Many other examples from the literature supportitheerse effects of sedimentation on aquatic biota.
For example, Wood and Armitage (1997) indicate sleatimentation predominantly impacts primary
productivity, faunal diversity, and abundance. Demig(1994) and Armitage (1995) found that increases
in fine sediment favor chironomids and oligochaeEghemeroptera, Plecoptera, and Trichoptera are
most commonly adversely affected (Harrison e24lQ7). EPT taxa counts at impacted sites in Malibu
Creek were demonstrably lower than at referenes.ditowever, Luce (2003) found that while benthic
macroinvertebrate metrics including EPT richned3T Ehdex, and sensitive EPT index were signifigant!
negatively correlated with percent embeddednessg thvas no significant relationship between benthic
macroinvertebrates and percent fines. This findinay be due to the unique nature of the geologheft
Malibu Creek watershed. Since it is highly erospwercent fines may not be a critical factor definihe
differences in the benthic communities.

Based on the information from the case, excessreadation co-occurs spatially with impairment, lthse
on Heal the Bay's Stream Walk observations andwledocumented fact that sedimentation has long
been present in the watershed, providing evidemctefmporality. However, the biological gradient
evidence is weak, because the physical habitaés@re generally acceptable and do not appear to
correlate with the SC-IBI scores. Evidence fromlitegature supports sedimentation as a plaustivle,
not specific stressor resulting in benthic macreitebrate community impairment. Other stressocsteli
similar responses. No evidence is available to sugpedictive performance. Overall, the consisyewic
evidence for sedimentation causing biological impaint to Malibu Creek is most consistent.

Malibu L agoon

Malibu Lagoon also is impacted by sedimentatiore Thgoon is naturally a highly dynamic system in
which substantial aggradation occurs in cycle widjor winter floods that open the barrier beach and
scour out accumulated sediments. Reviewing detailels of the Lagoon shows that increased
aggradation combined with proximate developmertt¢bastricts the Lagoon footprint has resulted in a
smaller and fresher Lagoon than was likely the camler natural conditions. However, increased flows
during the natural dry season have overtoppedehetbbarrier and opened the Lagoon to ocean waters.
While these increased flows may help scour outrmatated sediments, the timing of the events may
conflict with Lagoon benthic macroinvertebrate piegy. No data are presented to support or rehige t
hypothesis. Due to low flushing, fine sedimentsumealate in the tidal channels. These sediments are
associated with greater nutrient loads that calggse blooms, resulting in eutrophication (Shifting
Baseline, 2011; Jones and Stokes, 2006; MoffattNiaidol, 2005; 2NDNATURE, 2010). Measurements
of sediment in 1987 suggested the average ratedirhentation since 1983 was 10 cm/year. This lefvel
sedimentation is estimated to be nearly ten titnegate that would have occurred during pre-Europea
settlement periods (Topanga-Las Virgenes Reso@oeservation District, 1989). During the flood of
February 6, 1999, LACDPW data shows that 2,321 mgAuspended sediment was carried through
Malibu Creek into the Lagoon.
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A large body of data evaluating the benthic inuadée community composition in Malibu Lagoon
indicates that the Lagoon invertebrate communitynjgired. Recent sampling performed by USEPA
found that a site closest to the head of the egtwith consistent upstream freshwater flow had the
greatest number of taxa collected. Sites locatddak channels with limited flow, or closest to the
Lagoon mouthin the central part of the Lagoonyedtbthe largest abundance of organisms, but the
largest proportion of those organisms were higblgrant species that can survive in highly impacted
conditions. Results of this sampling effort strgreliggest poor benthic community diversity and
abundance.

Based on information from the case, excess sedatientco-occurs spatially with impairment, and
increased sediment has long been present in theoba&edimentation/scour cycles are part of the
natural dynamics of the Lagoon, and limited infotiorais available to evaluate how the changed tgmin
of the cycle might affect benthic macroinvertebraieruitment or breeding, leaving the evidencetier
biological gradient weak. However, it should beedbthat modification to the natural hydrology ie th
watershed, and thus flow into the Lagoon, has inguathe natural tidal flushing patterns expectedfr
an non-impacted estuary. Evidence of this is Wetlumented for southern California estuaries.
Therefore, evidence supporting the causal pathsvaycomplete. Evidence from the literature is samil
to the literature evidence for Malibu Creek, supipgrsedimentation as a plausible, but not specific
stressor. No evidence is available to support ptiegi performance. Overall, all of the evidence for
sedimentation as a cause of biological impairmeMalibu Lagoon is consistent and inconsistencés c
be explained by a credible mechanism.

A2 Reduced Habitat Quality from Excess Algal Growth: Sources of excess algal growth include
excess nutrients resulting from point source digggg(B4), non-point sources attributable to urban
runoff (B5), or agricultural runoff (B6). Evidender linkages between these sources and excess
nutrients/excess algal growth are discussed in gagtte’s section. The following discussion present
the evidence for linkage between excess nutriertess algal growth, and reduced habitat quality fo
benthic macroinvertebrates.

Malibu Creek

Nutrient concentrations in Malibu Creek are elegdtemany locations, although only limited data on
total nutrient concentrations are available. NotaVerage concentrations of N®, ammonia-N, and
POs-N, as reported by the Heal the Bay Stream Teanhigheer at impacted sites than reference sites, as
shown in Table 9-1. Orthophosphate concentratippsar to be naturally elevated within the Modelo
formation; however, both orthophosphate and nitcatecentrations increase dramatically as streass pa
through the developed area in the 101 corridor.ilAki information on total N and total P
concentrations suggest that the totals (which delorganic forms) are much higher than the inomani
nutrient concentrations. Much of the mass in orgéarims of N and P can be rapidly broken down by
biological activity, becoming available to suppglant growth. Further examination of the Streamritea
data reveal that N@N concentrations are clearly elevated at the déreasn station, MC-1, downstream
of the Tapia WRF, while concentrations upstrearmaygia at MC-12 are not much different from
reference sites (Figure 7-12). Additionally, resuéiported by LVMWD (2011) suggest that median
nitrate-N concentrationis about 1.0 mg/L upstrediine Tapia discharge and 2.88 mg/L downstream
during the discharge season (discharge seasoraeeatly winter months; values are below the 2003
nutrient TMDL targets), and 0.60 mg/L upstream ar&D mg/L downstream of Tapia during the non-
discharge season (generally summer months).
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Table 9-1.
Sites

Ranges of Average Nutrient Concentration

s (mg/L) in Impacted Versus Reference

Nutrient Form

Range of average concentrations
at Impacted Sites

Range of average concentrations
at Reference Sites

NOx-N 0.08-2.46 0.03-0.27
Total Ammonia as N 0.07-0.30 0.04-005
PO4-P 0.27-1.82 0.08-0.13

Excess algal growth has been measured directhedtripacted Malibu Creek sites at concentrations
much greater than at the reference sites. In additi nutrient TMDL was developed for Malibu Crédsk
USEPA (2003) with a target of achieving not mor@i80 percent coverage for filamentous algae greate
than 2 cmin length and not more than 60 percevgrcior bottom algae greater than 0.3 cm thick.
Although the nutrient limits proposed in the TMDhear to have been achieved the algal densityttarge
have not. Mean concentrations of mat algae coveratle impacted sites range between approximately
65% to approximately 90%, compared to means bet&w&eand 10% at reference sites. Busse et al.
(2006) measured periphyton chlorophe/ltiensities and nutrient, light, and water curramd concluded
that nutrient concentrations were not limiting ¢gedgrowth in Malibu creek. Instead, periphytigaé
varied positively with light and negatively withmter season scouring flows. Moreover, total nitmge
total phosphorus, and total chlorophyll conce niragtiwere all positively correlated with the propmntof
upstream land covered by impervious surfaces. (2@83) reported somewhat more complex, but still
positive, relationships between nutrient conceianastand algal cover. At leastin Malibu Creek
Watershed, it appears critical to evaluate thericgand inorganic forms of nitrogen, in addition to
validating the chemical observations with the nhiga@ coverage in-stream. To effectively assess the
condition, it is necessary to evaluate the twoslioEevidence; this will provide better and a more
informative assessment of the condition.

Sites exhibiting excess algal growth also exhiliitIBI scores lower than reference sites. Heal thg B
(Sikich et al., 2012) reported that benthic algaler was lowest at reference sites and highesitéeto
sites, and that the vast majority of impacted siteirred downstream of development. Interestingly,
despite lower NN concentrations upstream of Tapia, SC-IBI scopestream of Tapia are not
significantly different from scores downstreaminee separate data collection efforts (Table 92).

fact, scores at the Heal the Bay downstream sitelMi@ve been higher than those at the upstream MC-
12 site since 2005. This is a critical reason wtiy TMDL evaluation included additional method of
evaluating the benthic community (i.e., O/E scores)

Table 9-2.  Comparison of Median SC-1BI Scores Upstr  eam and Downstream of Tapia Discharge
Site Upstream/Downstream Upstream SC-IBI Downstream SC-IBI
Stations
Heal the Bay MC-12/MC-15, MC-1 21 24,25
LVMWD R-1/R-2, R-13 19 15,19
USEPA EPA-2/EPA-1 31 27

LVMWD (2011) contends that pH and DO generally failhin regulatory limits, suggesting weak
impacts of eutrophication. However, this argumentriconvincing because high gas exchange rates are
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expected in shallow streams, and dense benthit gigath alone may cause impairment via habitat
effects or boundary layer DO.

The following information on nutrients and algabgth is excerpted from USEPA’s CADDIS website
(USEPA, 2012):

Fish and invertebrates are usually not directly exbely affected by excess nutrient concentrations,
but rather are affected by other proximate stressesulting from nutrient enrichment. For example,
increases in dissolved N and P can lead to increas@lant and microbial biomass or productivity,
which may lead to greater microbial infection ofeéntebrates or fish, or altered benthic organic
matter processing (e.g., faster processing ratesyeased respiration of microbes and plants often
leads to decreases in DO concentrations, espedlalting times when photosynthesis is limited (e.g.,
at night). In addition, increased photosynthesig/head to increased pH; this increase may be
especially important when N is elevated, as une@hzmmonia, a toxic form of N, is more prevalent
at high pH. Blooms of certain algal taxa also magult in increased production and release of toxins
that can affect fish or invertebrates.

Increased plant or algal production may translaidricreased food resources, which can benefit
herbivorous organisms but may adversely impactrathe by altering the food resources derived
from detritus. Changes in plant assemblage strecalso may occur with enrichment, and these
changes can affect aquatic fauna by altering halstaicture or by altering the quantity or qualiby
food resources. Changes in community structure @cayr even without overall increases in primary
producers, due to alterations of nutrient availdthiratios. Increases in suspended organic matter
(i.e., phytoplankton or suspended benthic algas) ahn negatively affect aquatic biota, for example
by increasing turbidity.

The excess algal growth in Malibu Creek does npeapto strongly affect DO concentrations in the
creek (A3). However, excess growth of periphytid attached algae can have a direct deleteriouscimpa
on habitat suitability. Excess algal growth canesosuitable habitat (Allan, 1995) and may depress
overall invertebrate taxa richness (Yuan, 201®hiift invertebrate community composition toward
grazers and scrapers (Feminella and Hawkins, 1088in et al., 1997). Although Luce (2003) observed
more periphyton cover at Malibu Creek area siteh higher nutrient concentrations, including high-
nutrient reference sites included in the studydewse populations of grazers were observed.

Median IBI scores greater than 30 only occur @ssitith average nitrate-N concentrations less than
mg/L, suggesting that nutrient impacts may be deging benthic biotic health in the watershed. Sites
with the highest nitrate concentrations occur sbodelo formation and have been hypothesized to be
naturally-occurring as a result of the underlyieglggy. However, at CH-6, which drains portionghef
Modelo formation, nitrate concentrations are neao.zlt is noteworthy that this station (CH-6) is
upstream of most high density development in theershied, whereas other sites with high nitrate
concentrations are downstream of high density dgraént areas.

Based on the information from the case, excesgemtgrand excess algal growth co-occurs spatiatly w
impairment, and elevated nutrient concentratioqeeapto have worsened with development, beginning
inthe 1960s. Evidence for the biological gradiergtrong. Both nutrient concentrations and madlalg
coverage are much higher in Malibu Creek thanfeteece sites. However, the biological gradienhwit
respect to the Tapia WRF discharge is less claldhough the biological gradient and the Tapia
discharge is tenuous, this does not include thiuatian of the long-term impact of Tapia’s dischaig

the Watershed. The long-term Tapia discharge si86& undoubtedly caused to nutrient increaselsan t
system, which would directly impact the benthic coumity over time. The uncertainty is linked to the
amount of nutrient load stored, available, and etejdl in the stream system over time. Even though N
N concentrations are lower upstream of the diseéhaognpared to downstream, SC-IBI scores appear
more closely related to urban development. Lathigre is evidence for all steps in the completeosxpe
pathway. Evidence from the literature supports sxcewitrients resulting in excess algal growth as a
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plausible, but not specific stressor resultingentbic macroinvertebrate community impairment: othe
stressors elicit similar responses. Many analogaasnples are present in the literature to suppert t
causal pathway, although no evidence is availabteipport predictive performance. Overall, the
evidence for reduced habitat quality from excedsiants and excess algal growth causing biological
impairment to Malibu Creek are all consistent ang iaconsistencies can be explained by a credible
mechanism.

Malibu L agoon

Benthic aquatic life in Malibu Lagoon is “impaireg eutrophication resulting from excessive nitrogen
loads” (Callaway et al., 2009). The City of Malidaes not provide regional sewage collection or
treatment, and high water tables decrease theesffig of onsite wastewater treatment. The Regional
Control Board staff estimated that current loadsfionsite wastewater disposal in the Civic Centeaa
that constitute direct (non-point source) inputrmiganic nitrogen into the Lagoon amount to 30-35
Ib/day inorganic nitrogen. Additionally, Malibu Lagn receives fine sediments associated with greater
nutrient loads that can cause algal blooms (Skiffaseline, 2011; Jones and Stokes, 2006; Moffakt a
Nichol, 2005; 2NDNATURE, 2010). Malibu Lagoon cuntly shows elevated concentrations of,NO
nitrogen and ammonium (Moffatt and Nichol, 2005;3MATURE, 2010) and excessive algal growth.

Based on the information from the case, the linkaej@ieen excess nutrients, excess algal growth, and
biological impairment is complete for Malibu Lagodixcess nutrients and excess algal growth co-sccur
spatially with impairment, and elevated nutrienh@entrations appear to be associated with non-point
source inputs of inorganic nitrogen from onsiteteagter disposal and from nutrient-bearing fine
sediments transported from the Malibu Creek Watgtsheginning in the 1960s, coincident with
development. Evidence for the biological gradiemtience is uncertain. Correlations between a gradie
of nutrient concentrations and benthic invertebrasponses are not available. Evidence from the
literature supports excess nutrients resultingcaess algal growth as a plausible, but not spesifessor
resulting in benthic macroinvertebrate communitpdainment: other stressors elicit similar responses.
Many analogous examples are present in the literddusupport the causal pathway, although no
evidence is available to support predictive perfamoe. Overall, the evidence for reduced habitalitgua
from excess nutrients and excess algal growth rgusological impairment to Malibu Lagoon are all
consistent and any inconsistencies can be explédyedcredible mechanism.

A3. Reduced DO: Reduced DO from excess algal growth/excess ntgrizam be caused by point source
discharges (B4), urban runoff (B5), or agricultutahoff (B6), or by oxygen-demanding wastes resglti
from point source discharges (B4). Evidence fdkdiges between these sources and excess
nutrients/excess algal growth are discussed in gagtte’s section. The following discussion present
the evidence for linkage between excess nutriertess algal growth, and reduced DO capable of
impacting benthic macroinvertebrates.

Malibu Creek

Impaired sites in Malibu Creek show average dissblvxygen concentrations that are similar to
concentrations at reference sites, ranging bet@#hand 10.90 mg/L for impaired sites for which
sufficient data are available, and 9.30 and 9.9A8 rfay reference sites. The frequency of low DO
observations (<5 mg/L) at impacted sites is highan at reference sites, ranging from 4. 10% t0%.5

at impaired sites compared to 0% at reference. $i@sis strongly affected by water temperature, and
water temperatures differ somewhat between impaireldreference sites. Impaired sites were€@.and

4 °C greater than reference sites during the sumnasose Increased algal growth is evident at impaired
sites compared to reference sites, as discussed.abo

Sikich et al. (2012) reported continuous DO meawergs for lower Malibu Creek (Lunch and Start
Pools) between August 11, 2009 and September B, J0@ Start Pool site is situated approximately 25
m upstream of the Malibu Creek Outlet. Lunch Pedbtated approximately 720 m upstream of Start
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Pool. Lunch Pool experienced little diurnal DO a#idn, with measurements ranging from approximately
6 mg/L to approximately 9 mg/L over the coursehef study. On the other hand, Start Pool experieaced
wide range of DO measurements, with greater DOdapproximately 12 mg/L) occurring in mid to late
afternoon, and very low DO (less than 2 mg/L odagrfrom about 11 PM until about 11 AM.

No continuous monitoring data are available to camaphe daily range of DO concentrations upstream
and downstream of the Tapia discharge.

Decreased dissolved oxygen in Malibu Creek cantrésum increased water temperature or increased
biological oxygen demand (due to excessive algaitr and increased plant and microbial respiration,
A2, discussed above). The following informationesmichment/DO is excerpted from USEPA'’s
CADDIS website (USEPA, 2012):

Low or extremely high DO levels can impair or k#hes and invertebrates. In addition, large
fluctuations in DO levels over relatively short joels of time (e.g., daily) can stress aquatic
organisms. Human activities can significantly affe® concentrations in streams, most notably by
decreasing oxygenation and by increasing chemichlachemical oxygen demand. Agricultural
practices, forestry practices, and other activitieay involve channel alteration (e.g., straightgnin
or deepening of streams) or impoundments downstafaariocation, which may decrease aeration
and the diffusion of oxygen into water. Impoundsepistream of a location may discharge low
oxygen water downstream, but releases also magaser turbulence and oxygenate water. These
land use practices also may directly introduce ieutis (e.g., fertilizers, animal wastes), chemical
contaminants (e.g., heavy metals), or organic mgég., sewage, animal wastes) to streams, or
indirectly increase the delivery of these substanoestreams via land cover alteration. The regglti
chemical reactions and increased respiration ofrofies and plants can increase oxygen demand in
streams, leading to decreases in DO.

DO saturation occurs at lower concentrations imwegrsus cold water, so factors contributing to
increased water temperatures (e.g., loss of ripaeer, warm effluents) may contribute to decrdase

DO concentrations. Similar relationships are seith wcreasing ionic strength and sediment. Althoug
most impairments associated with DO result fronuffisient oxygen levels, in rare cases DO
concentrations may be too high (e.g., due to irsrerdgohotosynthesis and subsequent oxygen production
in nutrient-enriched streams). Even if elevated [BX2ls do not cause direct impairment, they may
contribute to stressful DO fluctuations when folemhby significant drops in DO at night.

Based on evidence from the case, low DO measursmesdccur spatially with some impaired sites in
the very lower reaches of Malibu Creek (at theeiitlAt sites upstream of the outlet, DO levels are
similar to those at reference sites, except tlamntimima are lower at the impacted sites. Ther®is
evidence relating oxygen-demanding wastes fromargjith low DO. Evidence for temporality is
consistent. Occasional DO problems are expectddiméreased algal growth, and low DO is evident at
the outlet of Malibu Creek at times of increaseahpland microbial respiration. Evidence for the
biological gradient is weak. Reference sites dofalbtis low as impaired sites, and, with the e xicgpof
the Malibu Creek outlet, it is unclear if the freauey of low DO is sufficient to cause impairment.
Evidence for the complete exposure pathway is iqdeta. Benthic macroinvertebrate impairment may
occur as a result of loss of suitable habitat whah habitat is covered with mat algae, as oppts#uke
effect of low DO. Evidence from outside the cag#idates that low DO resulting from excess algal
growth is a plausible mechanism for impairment,ibigt not specific. Many examples exist in the
literature of benthic invertebrate impairment réaglfrom low DO in eutrophic waters. There is no
evidence for predictive performance. Most lineswflence are consistent with low DO as a causal
factor, and any inconsistencies can be explaineal drgdible mechanism.
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Malibu L agoon

Malibu Lagoon also experiences low DO conditiotartag at the Malibu Creek outlet, as demonstrated
by the DO results for the Start Pool presented el§Sikich et al., 2012). Sikich et al. (2012) also
presented data for Malibu Lagoon, based on a dtydBriscoe, stating that pre-dawn DO levels avatage
1.15 £ 0.12 mg/L SE in Malibu Lagoon. Ambrose et{4995) obtained diurnal DO levels between July
1993 and April 1994 at a westerly channel sitéhinltagoon and at a mid-Lagoon site. The westerly
channel site exhibited bottom water ranges betv#e@and 10 mg/L DO, and the mid-Lagoon site had
bottom water ranges between 5.5 and 12.2 mg/L

Benthic aquatic life in Malibu Lagoon is “impaireg eutrophication resulting from excessive nitrogen
loads” (Callaway et al., 2009). The City of Malidaes not provide regional sewage collection or
treatment, and high water tables decrease theegffig of onsite wastewater treatment. The Regional
Control Board staff estimated that current loadsfionsite wastewater disposal in the Civic Centeaa
that constitute direct (non-point source) inpuirmiganic nitrogen into the Lagoon amount to 30-35
Ib/day inorganic nitrogen. Additionally, Malibu Lagn receives fine sediments associated with greater
nutrient loads that can cause algal blooms (Skiffaseline, 2011; Jones and Stokes, 2006; Mofifakt a
Nichol, 2005; 2NDNATURE, 2010). Malibu Lagoon cuntly shows elevated concentrations of,NO
nitrogen and ammonium (Moffatt and Nichol, 2005;3DMATURE, 2010) and excessive algal growth.

Evidence supports a linkage between low DO andhiieimvertebrate impairment. Evidence for spatial
co-occurrence is compatible. Evidence for temptyr&i consistent. Low DO levels precede biological
impairment, but the evidence for the biologicaldigat is weak. It is unclear if the frequency oBO

is sufficient to cause the impairment. Therefoxéglence for the causal pathway is incomplete. Ewide
for the complete exposure pathway is incompletatide macroinvertebrate impairment may occur as a
result of loss of suitable habitat when that habst@overed with mat algae, as opposed to thetedfe
low DO. Evidence from outside the case indicates ttw DO resulting from excess algal growth is a
plausible mechanism for impairment, but it is nquecfic. Many examples exist in the literature of
benthic invertebrate impairment resulting from IP® in eutrophic waters. There is no evidence for
predictive performance. Most lines of evidenceamasistent with low DO as a causal factor, and any
inconsistencies can be explained by a credible amgsim.

A4. Toxicity from Metals or Organic Toxics: Toxicity from metals or organic toxics (A4) can be
caused by urban runoff (B5) or natural geology (ER)idence for linkages between these sources and
toxicity are discussed in each source’s sectiol. fdhowing discussion presents the evidence fiage
between toxicity and impaired benthic macroinvendéhs.

Malibu Creek

Occasional water column toxicity has been obsesisck 2005 in wet and dry weather surface water
samples from Malibu Creek, usi@griodaphnia dubigwater flea) survival and reproduction and
Strongylocentrotus purpuratpurple sea urchin) fertilization tests. LADPW oefs indicated that the
toxic effect apparently dissipated after holding #fample, and attributed the cause to volatile adzm

In a separate study, Brown and Bay (2005) examifeibu Creek water near the mouth under both wet
and dry conditions. One out of eight dry weathengias showed acute toxicity (survival) and two of
eight showed chronic toxicity (reproduction)@odubia The authors attribute the results to sulfate and
other dissolved salts.

Water quality data for both sulfate and seleniumalestrate frequent exceedances of water quality
standards. Rowe et al. (2002) present case stdeli@enstrating biomagnification of selenium resgitin
in sub-ethal and possibly lethal concentrationsriganisms at the highest trophic levels. Howeleav,
concentrations of selenium also are essentialrfional health and are considered beneficial fortplan
health (Kapustka et al., 2004).
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Although selenium and sulfate data haven't beetimely obtained for the Malibu Creek watershed,
conductivity data are routinely available. Condvityi presents a readily obtainable and more comgnonl
observed measure of ionic salt content in watet,cam be used as a surrogate measure for toxic salt
Conductivity measurements appear higher in impaiies than in reference sites, ranging from 1877
2,287 uS/cm on average for impaired sites comparédl85 — 1,505 pS/cm for reference sites. Luce
(2003) found that impacted sites had conductiviiesater than 2,000 uS/cm. Reference sites had
conductivities less than 1,500 uS/cm, except far, mhere mean conductivity was about 3,500 uS/cm.
Luce concludes that for these two reference simsquctivity was not an indicator of stormwaterafin
but instead may be related to elevated phosphaitese two sites that must have another sourcé ‘asic
the geology of the watershed or groundwater inputke creek.”

The following information on ionic strength (condiuity) is excerpted from USEPA’s CADDIS website
(USEPA, 2012):

There is debate among scientists as to the exadhanesms responsible for toxicity associated
with ionic strength. Toxicity due to ionic strengibuld result from disruption of organisms'
osmotic regulation processes, decreases in bicability of essential elements, increases in
availability of heavy metal ions, increases in partarly harmful ions, changes in ionic
composition, absence of chemical constituentsaffaet impacts of harmful ions, a combination
of the above, or other as yet unknown mechanignsorhe instances (perhaps the majority),
increased ionic strength causes shifts in commuaitgposition rather than mortality; thus,
specific conductivity, salinity, and TDS levels rbayassociated with biological impairment and
yet be below mortality thresholds.

Based on evidence from the case, the linkage betteedcity and benthic macroinvertebrate impairment
in Malibu Creek is incomplete. Only occasional wat@umn toxicity has been observed, even though
toxicity is frequently assessed at the mass emistation downstream of the Tapia WRF. However,
toxicity data are not available from other siteshia watershed. Therefore, evidence for spatial co-
occurrence is uncertain. Evidence for temporadityricertain, because toxicity results are not stesi
over time. Evidence for the biological gradierisak, because two reference sites also exhibitgd hi
conductivity, but high SC-IBI scores. Evidence suipg the causal pathway is incomplete. Toxiciag h
the potential to impact benthic organisms, bud itclear whether the frequency of toxicity is isight

to explain the observed impairment. Elevated seilfaid selenium may impact benthic
macroinvertebrates, but insufficient site-spedififormation exists. Conductivity can be used as a
surrogate measure for toxic salts, but on its owesd't provide conclusive evidence of toxicity.
Therefore, based on the evidence from the caseyvilence supporting a complete exposure pathway is
insufficient. Actual evidence exists in the litara for toxicity from selenium and sulfate, but the
evidence does not support specificity. There igwidence of predictive performance. Most of the
evidence is consistent with toxicity as a causetiolaof benthic macroinvertebrate impairment, angl a
inconsistencies can be explained by a credible amgsim.

Malibu L agoon

Sediment toxicity tests using amphipods have shoevtoxicity to Malibu Lagoon sediments (Bay et al.,
2000; Bay et al., 2005). Anderson et al. (1998)ddk to mussel development tests that apparently
showed some impact from exposure to subsurfacer wabdalibu Lagoon, but results are not available
for review. Meyers et al. (2001) performed sea imrgore water toxicity testing for eight sites iralibu
Lagoon. Of those eight sites, two exhibited toyicBoth toxic sites were located upstream, but werte
the farthest upstream sites tested in the Lagoites farthest upstream were expected to be the mos
toxic, since they are first to come into contadthwiater discharging from the watershed. Similarly,
mouth sites were expected to be the least toxie tdthe effects of filtering as water passes tincine
Lagoon. However, these spatial patterns were rieéldpn Malibu Lagoon.
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Based on evidence from the case, the linkage bettedgcity and benthic macroinvertebrate impairment
is incomplete. Only limited toxicity has been oh&a&t, and evidence for spatial co-occurrence is
uncertain, because spatial patterns of toxicitjpatoconform to expectations and because it is leatrc
how sites tested for toxicity relate to sites atolitbenthic macroinvertebrates were collected. No
evidence for temporality exists. Toxicity has ordyely been observed in Malibu Lagoon, whereas
biological impairment has been present consisteNibyevidence exists to support a biological graidie
Evidence supporting the exposure pathway is incetapActual evidence exists in the literature for
toxicity from selenium and sulfate, but the evidedoes not support specificity. There is no evideofc
predictive performance. There are multiple incdesisies with respect to toxicity as a causal facfor
benthic macroinvertebrate impairment in Malibu Lagoand no explanations are currently available to
explain the inconsistencies.

A5: Invasive Species: Invasive species can impair benthic macroinveatiglsrcommunities through

niche competition. This section evaluates the Ipakbetween invasive species (specifically the New
Zealand mudsnail) and biological impairment.

The presence of the invasive New Zealand mudsaaibken increasing in the Malibu Creek and
surrounding watersheds. The mudsnail is very eapilgad by fishermen and other stream visitorstadue
its very small size and resistance to desiccattXHG, 2012). The New Zealand mudsnail was first
collected in samples collected by the City of Cakats in 2005, and are now found in eight streartt®in
Santa Monica Mountains. Abramson et al. (2009) ntejbat the New Zealand mudsnail “colonies disrupt
the food web by displacing native aquatic inveéds that fish and amphibians rely on for food” and
have been found on more than 70 percent of substaaihples in Malibu Creek.

In general, invasive species impair native ecosystiey outcompeting native species for resourcel suc
as food or habitat and ultimately reducing spediesrsity (Strayer, 2010). Specifically, at highhgéies,
the mudsnail may compete with other invertebrade$dod and habitat, resulting in reduced dens#ies
diversities of native benthic macroinvertebrateddifionally, the Riparian Invasive Research Labamat
reports that the mudsnail may aid growth of filatoes algae (e.gGladophorg by grazing on epiphytic
diatoms and removing competition for light (UCSB12).

If the New Zealand mudsnail were causing impairewthic biota in the Malibu Creek watershed, sites
with a high density of the snails would be expettetlave lowered IBI scores. However, in spring&00
mudsnails constituted three percent of the biolgample at MC-1, which had an IBI score of 26. By
spring 2009, the biological sample at the samecsitgained 81% mudsnails. The corresponding IBI
score was 27. Anomalously low IBI scores in sp20d0 also had low densities of mudsnails (from less
than 1 percent at MC-1 to 13 percent at MC-15). ifaichlly, mudsnails are present at one of the
reference sites, but downstream of the macroineate sample location. This observation may ke du
to the limitations of the S-IBI's framework, whiatas not developed to account for the invasive ggeci
Since the S-IBI metrics are based on the categuyittie richness and abundance of functional groups,
this approach may not appropriately capture theohpf invasive species. Further evaluation is
necessary to identify the impact of the New Zealadsnails on the benthic community in the Malibu
Creek Watershed.

The evidence from the case is inconsistent withiapzo-occurrence of New Zealand mudsnails and
benthic macroinvertebrate impairment in Malibu &reehe evidence is inconsistent with temporality,
since poor SC-IBI scores occurred prior to theoitiction of the mudsnail. There is no evidenceHler
biological gradient at this time. Therefore, evideffor the exposure pathway is incomplete. However,
evidence from the literature supports the plaugyilut not the specificity of New Zealand mudssalil
impairing the benthic macroinvertebrate commuritthough only few studies exist, there are analesgou
situations showing clear indications impacts by Nemaland mudsnail. There is no evidence for
predictive performance. The evidence is therefambiguous, but inconsistencies can be explained by a
credible mechanism.
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Bl Altered Hydrology: Changes in stream hydrology affect the flow regiwigich is linked to both
channel alteration (B2) and urban runoff (B5), cesult in increased sedimentation (Al) and subsetque
physical habitat alteration. This section evalusiteslinkage between altered hydrology and incigase
sedimentation.

Stream flows have been altered in impaired reacht#® watershed, due to urbanization, water
importation, reservoir construction, and wastewdischarges to Malibu Creek. Prior to developméthat,
11 major streams in the Malibu Creek watershed nteemittent to ephemeral, except for Las Virgenes
Creek, lower Medea Creek, and Cold Creek, whicteyperennial to intermittent (NRCS, 1995). Now, as
a result of irrigation with imported and reclaimedter, most of the larger tributaries and all & thain
reaches from Westlake Lake to Malibu Lagoon gehetalve flows all year long (NRCS, 1995). Flows
at reference sites likely are not impacted duéttte thange in impervious cover.

An evaluation of flow gauge data revealed that:

1. The magnitude and duration of annual extreme warditions have changed significantly
between the pre-impact and post-impact periods fiefore and after urbanization). Specifically,
the 30-day median annual minimum flow increased @ f&rcent and the 30-day median annual
maximum flow increased 410 percent. Although theniber of zero-flow days increased 918
percent, the actual number of zero-flow days remaary low and therefore is not as important
a change as the other measures. Increased magaitddiration of annual extreme water
conditions impact river channel morphology and [daishabitat conditions. Alterations in
channel morphology resulting from increased flovesifiently increase channel erosion and
resulting sedimentation.

2. The frequency and duration of high pulses have @tsmged significantly between pre- and
post-impact. The number of high pulses within eaeter year (> 3 cfs) has decreased 14
percent. Decreased number of high pulses can decbemlload transport, resulting in greater
bed sedimentation, and can result in changes imnehaediment textures, affecting desirable
habitat for benthic macroinvertebrate species #edirg community composition in affected
stream reaches.

3. The high flow pulses are smaller and occur lateéhényear post-impact, while the large flood
peaks are greater and occur earlier in the yedh &dhese factors are likely to be associated
with shaping the physical conditions and morpholofjthe streambed, while the changes in
large floods can also have important consequeirehéd physical habitat of the floodplain. In
particular, high flows result in unstable streamksaexhibiting rapid erosion and channel scour.

Heal the Bay’'s Stream Walk program documented bhestiream banks that had been scoured or eroded
by stream flows, surface runoff from outflow pipasd poorly drained roads and trails, amounting to

19.5 linear miles of 68 miles mapped in the wateds{sikich et al., 2012). Unstable stream banks
occurred in both developed and undeveloped areaevieloped areas, unstable banks typically ocdurre
downstream of channel alteration comprised of bankiening (see channel alteration, B2, below). In
undeveloped areas, additional investigation intoctluses of unstable stream banks revealed numerous
unpaved roads and trails within 300 feet of erdokeicks. Furthermore, 21.29 miles of all surveyed
streams were observed to be impaired by excesséidienents. Only 0.29 miles of the impaired streams
occurred upstream of developed areas.

Based on evidence from the case, evidence foradgatioccurrence between altered hydrology and
increased sedimentation is consistent. Flows haea hltered in reaches impacted with increased
sedimentation; however, reference sites are liketyimpacted by the sedimentation, where theigpar
buffer is intact and there has been little chamgenpervious cover. Evidence for temporality is
consistent. Flows have been altered since developofi¢he watershed, and increased sedimentatisn ha
been observed over the same time frame. Evidemdbddiological gradient is weak, since informatio
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on hydrology at reference sites is not typicallgitable. Evidence supporting the linkage betwetared
hydrology and increased sedimentation is incomplateto the lack of evidence for the biological
gradient. Evidence from the literature indicatest thcausal linkage between altered hydrology and
increased sedimentation is plausible, but not sipedany examples of similar causal relations taps
found in the literature, but there is no evidentpredictive performance. Overall, the lines ofdmrnice
supporting the causal relationship are mostly aeat, and any inconsistencies can be explained by
credible mechanism.

The strength of the evidence supporting the caatéilvay between altered hydrology and sedimentation
is good, and the strength of the evidence supppttia causal pathway between increased sedimemtatio
and reduced habitat quality leading to biologicgbairment is strong. Therefore, the complete causal
pathway between altered hydrology and biologicgdaimment is supported by the evidence.

Review of historical maps for Malibu Lagoon clearfyeals alterations to the Lagoon’s morphology,
resulting from increased sedimentation, altered flegimes, and development constricting the sizibef
Lagoon. Development activities included construttid a railway across the Lagoon in 1908, which was
transformed into the Pacific Coast Highway in 1929950 map shows constraint by roads and ongoing
building projects, further reducing the Lagoon’stfarint. By 2009 even greater constraints have
encroached onthe Lagoon, causing increased aggnad@onsequently, the Lagoon is much smaller and
believed to be much fresher than it was under ahtanditions. Moreover, Malibu Lagoon now receives
year-round flow due to irrigation water and othdyan-related runoff. Due to low flushing, thougimef
sediments accumulate in the tidal channels (Shiffiaseline, 2011; Jones and Stokes, 2006; Mofifatt a
Nichol, 2005; 2NDNATURE, 2010). Measurements ofisedht in 1987 suggested the average rate of
sedimentation since 1983 was 10 cm/year. This lefetdimentation is estimated to be nearly teedim
the rate that would have occurred during pre-Ewapeettlement periods (Topanga-Las Virgenes
Resources Conservation District, 1989). Duringftbed of February 6, 1999, LACDPW data shows that
2,321 mg/L of suspended sediment was carried thrdlaibu Creek into the Lagoon.

Evidence from the case indicates that altered thydycand increased sedimentation co-occur spatially
Additionally, the physical modification of the Lamgw pre-dated the increases in sedimentation, prayid
supporting evidence for temporality. Supportingdevice for the gradient between altered hydrologly an
increased sedimentation is strong. Therefore eviléar the full causal pathway between altered
hydrology and increased sedimentation is compket&lence from outside the case supports altered
hydrology as a plausible, but not specific, mecsarfor increased sedimentation. Many examples exist
in the literature to support linkages between attdrydrology and increased sedimentation. No eeigen
of predictive performance is available. Overalg #vidence supporting altered hydrology as a causal
factor is both consistent and coherent.

The strength of the evidence supporting the capatéilvay between altered hydrology and sedimentation
in Malibu Lagoon is strong, and the strength ofelalence supporting the causal pathway between
increased sedimentation and reduced habitat qua#itling to biological impairment is good. Therefor
the complete causal pathway between altered hygy@aod biological impairment is supported by the
evidence.

B2 Channel Alteration: Channel alteration is closely linked to alteredrayogy (B1) urban runoff (B5)
and can result in increased sedimentation (Al)samdequent physical habitat alteration.

Heal the Bay’'s Stream Walk program documented 8&asbank modifications, with a total of 20.9
linear miles engineered with hardened materialse@ed modifications included streambank
reinforcement with concrete, boulders, fencingnggd vegetation, and other materials, intended to
prevent or repair unstable stream banks (Sikiah e2012). Moreover, the Stream Walk program
consistently documented increased erosion and setimion downstream of modified stream banks.
According to Sikich et al. (2012), stream bank rfiodtions are made in an effort to mitigate unstabl
stream bank erosion, protect adjacent private pippend to allow for access to the stream. These
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motivations support the suggestion that channetation largely resulted from development of the
watershed.

Channel alteration can take many forms and issestmarized using the RBP Physical Hahitat scores,
which aggregate ten metrics and vary somewhabfergradient and high gradient streams. The
following information on physical habitat alteratis excerpted from USEPA’s CADDIS website
(USEPA, 2012):

Direct alteration of streams channels also canueafice physical habitat, by changing discharge
patterns, changing hydraulic conditions (water wities and depths), creating barriers to
movement, decreasing riparian habitat and alterting structure of stream geomorphological
units (e.g., by increasing the prevalence of rubitas, decreasing riffle habitats, and increasing
or decreasing pool habitats). Typically, physicabfitat degradation results from reduced habitat
availability (e.g., decreased snag habitat, deceshiffle habitat) or reduced habitat quality
(e.g., increased fine sediment cover), which mayritute to decreased condition, altered
behavior, increased mortality, or decreased reprthe success of aguatic organisms;
ultimately, these effects may result in changgmjpulation and community structure and
ecosystem function.

Malibu Creek

The evidence from the case clearly supports spaii@ccurrence of channel alteration and increased
sedimentation in Malibu Creek. Evidence for tempityré&s uncertain. Stream bank modification may
have occurred as a result of development, indigatupport for temporality, but specific data are no
available to support that conclusion at this tilsadence for the biological gradient between channe
alteration and increased sedimentation is wealdeifuie exists for increased sedimentation downstream
of channel modifications. Given the highly erosnature of the watershed, it is possible that streank
erosion also occur as a natural condition. Evidéocéhe exposure pathway between channel alteratio
and increased sedimentation is therefore comsieence from the literature supports the causal
linkage between channel alteration and increasgigneatation as plausible, but not specific. Many
analogous examples exist. There is no evidencerémlictive performance. Most of the evidence is
consistent with channel alteration as a causabifdot increased sedimentation. Additionally, any
inconsistencies can be explained by a credible amgsim.

The strength of the evidence supporting the capatéilvay between channel alteration and sedimentatio
is good, and the strength of the evidence suppgpttie causal pathway between increased sedimemtatio
and reduced habitat quality leading to biologicagbairment is strong. Therefore, the complete causal
pathway between altered hydrology and biologicgdaimment is supported by the evidence.

Malibu L agoon

Similarly in this case, our review of historical psafor Malibu Lagoon clearly reveals alterationshe
Lagoon’s morphology, largely resulting from incredgslevelopment constricting the size of the Lagoon.
Increased aggradation combined with proximate agveéent that constricts the Lagoon footprint has
resulted ina smaller and fresher Lagoon than ikalylthe case under natural conditions. However,
increased flows during the natural dry season baeetopped the beach barrier and opened the Lagoon
to ocean waters. While these increased flows mipydeour out accumulated sediments, the timindief t
events may conflict with lagoon benthic macroinebrate phenology.

The evidence from the case supports spatial coromaee of channel alteration and increased
sedimentation in Malibu Lagoon. The evidence frbmadase also supports temporality: channel
alterations, especially physical constraints résgifrom increasing development, occurred prior to
observations of increased sedimentation. Evidemcthé biological gradient between channel alterati
and increased sedimentation is weak. Aside fromad@phic maps and aerial photography, few data are
available to indicate a lack of sedimentation i #évsence of channel alterations. Nonethelessemsed
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for the exposure pathway between channel alteratimhincreased sedimentation is therefore complete
for Malibu Lagoon. Channel alterations have sigaifitly altered the lagoon morphology coincide nhwit
increased sedimentation in the lagoon. Evidenaa the literature supports the causal linkage betwee
channel alteration and increased sedimentatiotaasiple, but not specific. Many analogous examples
exist. There is no evidence for predictive perfanoga Most of the evidence is consistent with chinne
alteration as a causal factor for increased sedatien. Additionally, any inconsistencies can be
explained by a credible mechanism.

The strength of the evidence supporting the capatéilvay between channel alteration and sedimentatio
is good, and the strength of the evidence supppttia causal pathway between increased sedimemtatio
and reduced habitat quality leading to biologicgbairment is strong. Therefore, the complete causal
pathway between altered hydrology and biologicgdaimment is supported by the evidence.

B3. Fire | mpacts: Fire impacts can affect benthic macroinvertebrates physical habitat (especially
woody debris) directly, can alter hydrology (Bljdecause increased nutrient concentrations (A2) and
sedimentation (Al). This section evaluates thedgekbetween fire impacts and impaired benthic
communities as well as between fire impacts anckaged sedimentation.

The Malibu Creek watershed has experienced manifisant fires over the past several decades. The
fires that overlap in time with benthic macroinebmate data collection include fires in 2005 an@720
The 2005 fire impacted the northern portion of wagershed. The LVMWD site R-7 was closest to the
burned area. The SC-IBI score for this site in 20086 first year for which an IBI is available, w24.3
(poor). In subsequent years, this site receivedstBres in the “very poor” range. Site MC-1, néwr t
mouth of Malibu Creek, had IBI scores of 26 fortbaiinter 2005 and fall 2006, and 23 for fall 2003
(prior to the fire). A fire in 2007 directly impad MC-1, burning an area around and immediately
upstream of the site. In spring 2008, the firstthiersampling event following the fire, the sitedkan I1BI
score of 21, slightly lower than the fall 2006 scof 26. However, by spring 2009, the site’'s IBligc
had raised to 30. The same fire impacted SC-14pbtiee potential reference sites, which has a amedi
SC-IBI score (2000-2011) of 67. The IBI score & Hite was 56 in Spring 2008, but had rebounded to
69 by Spring 2009.

RBP physical habitat scores are only availabléviGr-1, of the sites impacted by fire. The range BPFR
scores for this site between 2000 and 2008 wasdagt23 and 151 (suboptimal). No direct data on
sedimentation is available.

Studies of wildfire impacts reveal that flood flofa@lowing severe fire events can be the most damgag
impact from wildfires, with floods as much as 100ds greater than pre-fire floods. Loss of teriabtr
vegetation reduces water uptake and infiltratiesplting in increased baseflows, annual water gield
and peak flows (Neary et al., 2005). Increased fleals may substantially increase sedimentation and
channel modification. Moreover, peak flows frequemtill occur more rapidly after precipitation ornse
resulting in flash flooding. Roby and Azuma (19856%erved lower benthic invertebrate diversity, dgns
and taxa richness immediately following an intenwddfire affecting a northern California stream
compared to an unaffected stream. Within threesyeaean density was significantly higher in the
burned reach, but ten years after the wildfireataghness and species diversity remained lowdweiOt
impacts resulting from wildfires include initial cileases in in-stream woody debris, followed by
substantial increases, and increased nutrient otratens (Gresswell, 1999).

Based on the limited information available for Malibu Creek Watershed, the evidence for spatial co
occurrence and temporality between fire impactsiapaired biological condition are uncertain. While
SC-IBI scores for sites directly impacted by fiectease immediately following the fire, they quickl
return to prior levels. No data are available taleate impacts farther downstream. The evidencthéor
biological gradient is weak, because sites appeaattound quickly from the initial impacts. Eviderfor
the causal exposure pathway is missing or impléausityidence from the literature supports the lg&ka
between fire impacts and impaired biological cadnditas plausible, but not specific. However, few
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analogous cases are available and results, when tka whole, are not clear. There is no evidehce
predictive performance. The evidence contains pielinconsistencies, and the inconsistencies caot
explained.

Insufficient information is available to evaluaketinkage between fire impacts and increased
sedimentation in Malibu Creek.

The effects of fire impacts in the upper reachebhefwatershed would be expected to result in asze
sediment load and increased nutrients into Maliagdon. The October 2007 wildfires in the watershed
were severe, leading to extensive damage that vimukpected to influence nutrient loading and
biogeochemical cycling in Malibu Lagoon. Neithediseent data (TSS or turbidity) nor benthic
macroinvertebrate data are available for the Laghoing the period following the fires.

Insufficient data are available to evaluate thkdie between fire impacts and increased sedimentati
adverse effects to the benthic macroinvertebratenwanity in Malibu Lagoon.

B4: Paint Source Discharges: Point source discharges can cause excess nukeergss algal growth
(A2) or increased amounts of oxygen-demanding wa#8) in stream water. This section evaluates the
linkage between point source discharges and inedeastrients or oxygen-demanding wastes.

The Tapia Water Reclamation Facility (TWRF) is tmdy facility with a permitted wastewater discharge
to Malibu Creek or its tributaries. Originally buih 1965, the facility has been expanded beyand it
original design capacity to a current capacity ®@figd. Prior to 2003, the facility was prohibitedrh
discharging between May'hnd November®ieach year. In 2003, discharge prohibitions weteraed
from April 15" to November 18 of each year and a TMDL established nutrient tarie two seasons.
Summer targets (April 15 — November 15) for N®and total P are 1.0 and 0.1 mg/L, respectively.
During the winter months (November 16 — April 14ie NQ-N target is 8 mg/L and no total P target is
applied. Consequently, median nitrate-N concentngtare 1.17 mg/L during the restriction perioddibr
years (April 15— November 15) and 2.60 mg/L dutimg discharge period for all years (November 16 —
April 14). Water quality monitoring data from MaliliCreek shows that the TMDL nitrate nitrogen
targets have generally been met in the Malibu Creaik stem. In contrast, concentrations of
orthophosphate P are frequently above the TMDLetaogth upstream and downstream of the Tapia
discharge.

Examination of Stream Team data (all years ansegtons) shows that concentrations of nitrate-N are
clearly elevated at the downstream station, MCHilexconcentrations upstream of Tapia are not much
different from the reference sites (Figure 7-1@mBle results from all agencies, as summarized by
LVMWD (2011, p. 43) suggest that the mediaiirate-N concentration is about 1.0 mg/L upstredm
Tapia and 1.90 mg/L downstream on an annual balk& downstream concentration has a median of
2.88 mg/L nitrate-N during the wet season and @gfL during the dry season, while the upstream
concentration has a median of 1.0 during the wat@®and 0.60 mg/L during the dry season. Timeseri
data at MC-1 show a decrease in the frequencyghf ¢bncentration events over time. Sikich et al.
(2012) report that nitrogen loading occurs in tteershed in locations that are not affected by aapi
Specifically, at Heal the Bay sites M13 and O5ané levels during both wet and dry seasons “gtearl
indicate sources other than direct discharge frapid.”

LVMWD (2011) suggest that nitrate concentrationshie watershed are naturally elevated due to the
Modelo formation, noting the elevated concentratiohas Virgenes Creek (median of 2.88 mg/L). The
highest concentrations of nitrate-N are indeed doatnstations in the Modelo formation, but at L\a&d
CH-6, which drain portions of the Modelo formatidhe nitrate (and ammonia) concentrations are near

2 The median values are reported because theskeadath presented in the reference studies arodiseBLut, it is
the case that for algal response in streams, thkamés likely more relevant than the average asnidian better

reflects the typical exposure concentration oweeti Averages can be highly skewed by the pre sefredéew high-
concentration events.
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zero. These two sites are upstream of most ofitie density development in the watershed, whereas
other Modelo formation stations are downstreamigifitiiensity development.

Average concentrations of R® are greater than 1 mg/L inlower Malibu Creedt are significantly
higher than concentrations at reference sitesehel, the total P TMDL targets have not bee neaetal.
However, phosphate concentrations are high at fagayions in the watershed. Sikich et al. (2012)
theorize that sites not influenced by Tapia buhwiigh phosphate concentrations are influenced by
fertilizers, septic systems, or commercial dischardn addition, the Modelo formation does appear t
lead to elevated background concentrations of piarsis.

For both nitrogen and phosphorus, however, elevataedentrations of nutrients and excess algal drowt
are observed at impaired sites throughout the sla¢el; not just below the Tapia discharge. Therefore
while discharges from Tapia likely have had adveféects prior to upgrades and diversions in tH20%9
any such direct impact does not appear to havéspedaipstream of the discharge (although past
discharges may continue to contribute to curreptadavated phosphate bioassessment scores); the
discharge is unlikely to be a primary or only caokthe effect.

The evidence supports both spatial co-occurrendgeanporality of point source discharge and incagdas
nitrogen concentrations in Malibu Creek. The ev@efor biological gradient is weak. Nitrate-N
concentrations are elevated below the Tapia digehduring the winter months, but not during the
summer months, when algal growth is of greatesteon Moreover, nitrogen and algal growth are a
concern upstream of the discharge, as well. Evielsnpporting the exposure pathway is incomplete. A
large body of evidence from the literature supppdisit source discharges as plausible, but notifspec
sources of nitrogen impairment. Most of the evideiscconsistent in supporting the Tapia dischasge a
source of nitrogen impairment, and the inconsigésncan be explained by a credible mechanism.

The evidence from the case supports both spatiatcorrence and temporality of point source disgdar
and increased phosphorus concentrations in MalileelC The evidence for biological gradient is weak.
POs-P concentrations are significantly elevated bellasvTapia discharge. However, phosphorus and
algal growth are a concern upstream of the diseharg well. Evidence supporting the exposure pathwa
is complete. A large body of evidence from therditare supports point source discharges as plausibl
but not specific sources of nitrogen impairmentsiaf the evidence is consistent in supporting the
Tapia discharge as a source of nitrogen impairnaewt,the inconsistencies can be explained by a
credible mechanism.

The strength of the evidence supporting the capatéilvay between the point source discharge and
increased nutrients in Malibu Creek is moderatd,tha strength of the evidence supporting the ¢dausa
pathway between increased nutrients, excess algatilyand reduced habitat quality leading to
biological impairment is strong. Therefore, the ptete causal pathway between the point source
discharge and biological impairment is supportedheyevidence.

Malibu Lagoon receives nutrient inputs that hawerbdischarged from Tapia during the winter mornths,
along with nutrient inputs from the entire wateidh®f greater concern, Regional Board staff esthat
that current loads of inorganic nitrogen to Malltagoon from onsite wastewater disposal in the Civic
Center area amount to 30 — 35 Ib/day. Thereforédewle evidence supports Tapia as a source of
nitrogen and phosphorus to Malibu Lagoon, the nointsource discharges directly to the Lagoon
appear to be of greater magnitude and concern.

B5: Urban Runoff: Urban runoff can cause increased sedimentatiol), @ktess nutrients/excess algal
growth/reduced habitat quality (A2), reduced DO YABxicity from metals or organic toxics (A4). It
also can alter hydrology (B1) and channel alteref®2). This section evaluates the linkage between
urban runoff and increased sediment, increaseéntgr and increased toxicity from metals or organi
toxics.
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Malibu Creek

Although still a largely undeveloped watershed,Madibu Creek watershed has seen a history of urban
growth. Areas of barren and undeveloped LU/LC Hedldargest decrease of all LU/LC types between
1990 and 2008, while both density classes of SiRglaily Residential increased the most. This
increased urbanization of portions of the uppeevedted increased the amount of impervious surfaces
from 3,694 to 4,878 acres. As of the 2008 SCAG laselcoverage, the Malibu Creek watershed was
6.95% impervious. Using the Simple method rule &Caret al., 1998) that the impervious land gengrate
surface runoff relative to pervious land in a ratf®. 95/0.05, impervious surfaces are estimateiktia
about 59 percent of the surface runoff in the vedted.

Busse et al. (2006) found that total nitrogen,ltptedsphorus, and total chlorophyll concentratioese

all positively correlated with the proportion ofaipgam land covered by impervious surfaces. LVMWD
(2011) suggest that nutrient concentrations aneraihy elevated in the watershed due to the Modelo
formation. While the highest concentrations of gaoric nitrogen and inorganic phosphorus tend to be
found at sites in the Modelo formation, sites L\&t8d CH-6, which drain the Modelo formation, have
very low concentrations of inorganic nitrogen and-& has lower inorganic phosphorus than any other
sites in the Modelo formation. It is noteworthytthizese two sites are upstream of most development,
whereas the other Modelo formation sites (withigigemtly higher nitrogen and phosphorus
concentrations) are downstream of high-density ld@weent areas.

Increased impervious surface has long been deradegtto increase stream flashiness (e.g., Walah et
2005; Allan, 1995). Altered flood hydrology increasstream bank erosion, resulting in excess
sedimentation downstream and increased turbiditstiqularly during storm events. Limited sampling
shows high TSS/SSC concentrations during stormtgvé&uarbidity has been demonstrated to be higher at
impaired sites than at reference sites, but deertlations with urban development or impervious
surface are not available. Sikich et al. (2012pregd significant channel alteration and streankban
erosion leading to increased sedimentation in @i mshed. Creeks adjacent to urban developmera had
larger proportion of stream banks altered by baoHifitations than those surrounded by open space or
less developed areas. Itis also important to thatiedeveloping areas experience significant caogtm
activity. California’s general construction permdes not currently contain a limit for turbidity.
Consequently, construction activities could gemesagnificant excess sedimentation. No data cugrent
exist to quantify this potential impact, however.

Urban runoff can reduce DO as a result of increamexde nt loading, resulting in algal blooms thead
to eutrophication, and increased stream temperegstédting from runoff from warm or hot asphalt
surfaces, as discussed under A2 and A3.

Surface water runoff from urban areas may cont@iittmetals (commonly from brake pads, but also
from metal-working, manufacturing facilities, anther metal waste-producing activities), pesticides
other toxic organic chemicals (including PCBs aill grease, volatile organic chemicals, and PAHS).
However, only occasional water column toxicity bagn observed since 2005 in wet and dry weather
surface water samples from Malibu Creek, ustegiodaphnia dubigwater flea) survival and
reproduction an&trongylocentrotus purpuratpurple sea urchin) fertilization tests. LADPW oes
indicated that the toxic effect apparently disspafter holding the sample, and attributed theseado
volatile chemicals. In a separate study, Brown Bag (2005) examined Malibu Creek water near the
mouth under both wet and dry conditions. One owgigiit dry weather samples showed acute toxicity
(survival) and two of eight showed chronic toxicitgproduction) taC. dubia The authors attribute the
results to sulfate and other dissolved salts.

Sikich et al. (2012) calculated percent effectivpérvious area (PEI) for sites in the Malibu Creek
Watershed to explore the effect of impervious sigrfan the benthic macroinvertebrate community. They
found that mean SC-IBI scores decreased dramatiasithe PEI in the area above each site increased.
Furthermore, they report that “[a]t 6.3% PEI andad) all mean IBI scores are 39 or below (39 is the
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threshold for impairment used by the State WatesoBeees Control Board). No sites with greater than
3% PEI have average IBI scores above 60, in thel gage.” Based on their data, PEI accounts for
nearly 74% of the variation in IBl scores in thetevahed. (Note that the method used by Sikich et a
results in higher estimates of imperviousness tharanalysis conducted using the NLCD land use
coverage and reported in Section 4.5)

In summary, less urbanized sites in the Malibu Knestershed, especially reference sites, have
consistently lower nutrient concentrations, lowenthic algal densities, lower turbidity, and higl$-
IBI scores. Impaired sites have higher nutrientceartrations, higher turbidity, and lower SC-IBI sz
and generally occur downstream of urban developridig pattern holds true even for sites in the
Modelo formation (B7).

The scientific literature contains many examplethefnumerous impacts caused by urban development.
Increasing levels of urban development and impesiiess have been directly associated with effetts o
aquatic life, with biological effect levels percetvat or below 10 percent urban development and 5
percent impervious cover (Yoder et al. 1999; CWB Roy et al. 2003; Cuffney et al. 2010). Streams
in urban areas exhibit multiple and complex stresgmptomgtermedurban stream syndrom&Valsh et

al. 2005). Multiple primary stressors and stressmises are correlated with urban development,dinadu
flashier hydrography (B1), altered channel morpbglfB2), and elevated concentrations of nutrients
(A2), metals (toxicity, A4), and sediments (Walslkak 2005; USEPA, 2012). Although exacerbated by
urban development, it is these stressors and aatéhelopment itself that directly affect the aguat

biota.

Evidence for increased sedimentation in Malibu € occurring with urban development/runoff is
compatible, and excess sedimentation has increasesl development began in the watershed, based on
the observations of morphological changes to thgoba (temporality is consistent). Evidence for the
gradient between urban runoff and increased sedatien is strong. In combination, evidence for the
exposure pathway is complete. Many studies initemture show that the relationship between urban
development and sedimentation is plausible, buspetific. There is no evidence of predictive
performance. The evidence supporting the relatiprisétween urban runoff and increased sedimentation
is consistent and any inconsistencies can be exguddy a credible mechanism.

The strength of evidence supporting the causal@tibetween urban runoff and increased
sedimentation is moderate, and the strength ofexiel supporting the causal pathway between inadease
sedimentation and biological impairment is strofigerefore, the complete causal pathway between
urban runoff and biological impairment—through emsed sedimentation—is moderate.

Evidence for increased nutrients in Malibu Creelocourring with urban development/runoff is
compatible, and nutrient concentrations have irdaince development began in the watershed
(temporality is consistent). Evidence for the gemtlibetween urban runoff and increased nutrients is
strong. Total nitrogen and total phosphorus wegdtiwely correlated with impervious surface upsinea
In combination, the evidence for the exposure pathw complete. Evidence from the literature inthisa
that the relationship between urban runoff andeased nutrients in surface water is plausible. turba
runoff is not a specific source of increased natsén surface water, and there is no evidence of
predictive performance. The evidence supporting ¢f@ionship between urban runoff and increased
nutrients is consistent and any inconsistenciesbeagxplained by a credible mechanism.

The strength of evidence supporting the causalaatietween urban runoff and increased nutrients in
Malibu Creek is strong, as is the strength of enggesupporting the causal pathway between increased
nutrients and biological impairment. Therefore, thenplete causal pathway between urban runoff and
biological impairment—through increased nutrients-strong.

Evidence for reduced DO in Malibu Creek co-occugnivith urban development/runoff is incompatible,
because low DO is not consistently observed indershed. Evidence for temporality is consistent,
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because of the area’s history of urban growth. &vie for the gradient between urban runoff and low
DO is weak, because low DO does not consistenttyiodn combination, the evidence for the exposure
pathway is incomplete. Evidence from the literaupports the plausibility but not specificity aban
runoff decreasing DO, especially due to thermaaf. Many analogous cases can be found in the
literature, especially with respect to developmemacts on coldwater streams. There is no evidéarce
predictive performance. The evidence supporting ¢faionship between urban runoff and decreased
DO is consistent, and any inconsistencies can paed by a credible mechanism.

The strength of evidence supporting the causalatietween urban runoff and decreased DO in
Malibu Creek is weak, due to the limited frequeméth which low DO is observed. The strength of
evidence for low DO causing biological impact isderate. Therefore, the complete causal pathway
between urban runoff and biological impairment—tlgio decreased DO—is weak.

Evidence for increased toxicity in Malibu Creekazeurring with urban development/runoff is
incompatible, because water column toxicity iscansistently observed in the watershed. Evidence fo
temporality is inconsistent, because of the limibdervations of toxicity relative to the frequermfy
testing. Evidence for the gradient between urbaoffitand increased toxicity is weak, because irsgda
toxicity does not consistently occur. In combinatithe evidence for the exposure pathway is incetepl
Evidence from the literature supports the plaugybidut not specificity of urban runoff increasing
toxicity. Analogous cases can be found in theditere, but there is no evidence for predictive
performance. The evidence supporting the relatiprisétween urban runoff and increased toxicity is
consistent, and any inconsistencies can be expldipa credible mechanism.

The strength of evidence supporting the causalymtibetween urban runoff and increased toxicity in
Malibu Creek is weak, due to the limited frequemésh which toxicity is observed. The strength of
evidence for increased toxicity causing biologiogbact is strong to moderate, depending on the
suspected toxin. The complete causal pathway betwdsan runoff and biological impairment—through
increased toxicity—is weak, because toxicity isestsed only inconsistently.

Evidence for altered hydrology and channel alterafivhich are themselves interrelated) in Malibu

Creek co-occurring with urban development/runoffasnpatible, and evidence for temporality is
consistent. Evidence for the gradient between urbaoff and altered hydrology/channel alteration is
strong, based on the observation that creeks adjazearban development had a larger proportion of
stream banks altered by bank modifications thasesurrounded by open space or less developed areas
In combination, the evidence for the exposure pathi&r complete. Evidence from the literature sufgpor
the plausibility but not specificity of urban rufaftering hydrology and channel morphology. Analog
cases can be found in the literature, but thene isvidence for predictive performance. The evidenc
supporting the relationship between urban runaff altered hydrology and channel alteration is
consistent, and any inconsistencies can be expldipa credible mechanism.

The strength of evidence supporting the causalymtibetween urban runoff and altered hydrology and
channel alteration in Malibu Creek is strong. Ttherggth of evidence for altered hydrology and clednn
alteration causing biological impact is strong. Thenplete causal pathway between urban runoff and
biological impairment—through altered hydrology arhnnel alteration—is strong.

Overall, based on the evidence from the case anlitéhature, the strength of evidence for urbamfti
to cause biological impairment directly is weakt the strength of evidence for indirect cause of
impairment as a result of primary stressors (prignaediment and nutrients) that are exacerbated by
urban runoff is strong.

Malibu L agoon

Little information is available related to impacotsurban runoff directly on Malibu Lagoon. Most
obviously, urban development around the Lagoorcbastrained the Lagoon and altered its hydrology
and morphology. These changes have been well datechin maps and photos. Additionally, the
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Regional Board staff estimated that current inoigaitrogen loads directly to the Lagoon from oasit
wastewater disposal in the Civic Center area ammud®-35 Ib/day. The Lagoon clearly experiences
increased sedimentation, but itis not clear howmaf the sedimentation results from adjacent urban
development. Little toxicity has been observedhm ltagoon.

Evidence for increased nutrients in Malibu Lagoofoccurring with urban development/runoff is
compatible, and nutrient concentrations have irsgdaince development began in the watershed
(temporality is consistent). Evidence for the gemtlibetween urban runoff and increased nutrients is
strong. In combination, the evidence for the expppathway is complete. Evidence from the litematur
indicates that the relationship between urban ffuanod increased nutrients in surface water is [ifdels
but not specific. There is no evidence of prede&terformance. The evidence supporting the reBlipn
between urban runoff and increased nutrients isistamnt and any inconsistencies can be explained by
credible mechanism.

The strength of evidence supporting the causalymtivetween urban runoff and increased nutrients in
Malibu Lagoon is strong, as is the strength of enik supporting the causal pathway between inatease
nutrients and biological impairment. Therefore, ¢benplete causal pathway between urban runoff and

biological impairment—through increased nutrients-strong.

Evidence for altered hydrology and channel alterafivhich are themselves interrelated) in Malibu
Lagoon co-occurring with urban development/runeffompatible, and evidence for temporality is
consistent. Evidence for the gradient between urbeoff and altered hydrology/channel alteration is
strong. In combination, the evidence for the exppgpathway is complete. Analogous cases can balfoun
in the literature, but there is no evidence fodprve performance. The evidence supporting the
relationship between urban runoff and altered hHydspand channel alteration is consistent, and any
inconsistencies can be explained by a credible amgsim.

The strength of evidence supporting the causaly@tibetween urban runoff and altered hydrology and
channel alteration in Malibu Creek is strong. Therggth of evidence for altered hydrology and clednn
alteration causing biological impact is strong. Thenplete causal pathway between urban runoff and
biological impairment—through altered hydrology arhnnel alteration—is strong.

Overall, based on the evidence from the case anlitéhature, the strength of evidence for urbamfti
to cause biological impairment in Malibu Lagooredity is weak, but the strength of evidence for
indirect cause of impairment as a result of pringrgssors (primarily nutrients) that are exacedbdly
urban runoff is strong.

B6: Agricultural Runoff: Agricultural runoff can affect benthic macroinwebtates by causing increased
nutrient concentrations (A2) and sedimentation (ABpending on the type of agriculture, increased
toxics (pesticides) can also occur. This secticaluates the linkage between agricultural runoff and
increased sedimentation and nutrient concentrations

Agricultural land use (as identified in the SCAGremage) comprises only about 2 percent of the Malib
Creek watershed. Moreover, most of the agricultanadl use lies along Hidden Valley Creek, in the
upper reaches of the watershed. The nearest deanssite from the dominant agricultural portiorhef
watershed is HV, a MCWMP site, for which biologicklta are not available. The next closest site with
biological data is TR-17, a Heal the Bay site. Hegreat more than 4 miles distance from the putativ
agricultural source, this site is too distant te far evidence of co-occurrence. In general, théealgural
land use identified in the Malibu Creek watershedurs upstream, in relatively less impaired ardabeo
watershed. Goepel et al. identified small vineyahdd appear to exist as accessory uses to stesctuch
as residences, and likely represent “hobby vineyard

There is a broad body of literature available rdigey agricultural impacts on streams. Agricultuaald
uses can alter stream channel morphology and whésnistry in a number of ways (Allan, 1995).
Riparian vegetation frequently is diminished if etitninated, decreasing infiltration. Crop prodoati
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often results inincreased peak runoff rates aocbased nutrients, pesticides, and suspended solids
surface water runoff compared to undeveloped |&kddgs et al., 1994). Grazing can result in inedas
nutrients and suspended sediments, as well asas®deorganic matter and bacteria. Moreover, if aldm
can access the stream directly, channel degradatidimcreased erosion can occur.

The evidence from the case is inconsistent withiapzo-occurrence of agricultural land use andthien
macroinvertebrate impairment. The evidence is i@sonsistent with temporality, since agricultucahd
cover in the watershed has decreased over timeeTheao evidence for the biological gradient. Evide
for the exposure pathway is implausible. A largdybof evidence from the literature supports the
plausibility but not the specificity of agricultdnaunoff impacting benthic macroinvertebrates. Eisrno
evidence for predictive performance. The evideheegfore presents multiple inconsistencies, forcWwhi
there is no known explanation.

B7: Natural Geology: Natural geology (especially marine sedimentaryodép associated with the
Modelo formation) can affect benthic macroinvertgbs by causing increased sedimentation (A1) and
increased toxicity (A4). This section evaluateslithieage between natural geology, increased
sedimentation and toxicity, and biological impaimne

The Modelo Formation in the Malibu Creek watersiseldelieved to be the source of very high levels of
sulfate, phosphate, metals, and total dissolvadssdDf these, selenium and sulfate are of greatest
concern, due to their toxicity (A4). These natyraltcurring salts, metals, and solids are suggessted
causes of biological impairment in the watersheshweler, despite frequent water column toxicitydest
at the mass balance station, only occasional (@awhsistent) toxicity has been observed. This ityxic
has been attributed to volatile chemicals. Conditigtia surrogate measure for toxic salts, appbigtser
inimpaired sites than in reference sites, ranfiiogn 1,877 — 2,287 1 S/cm on average for impairegs$ si
compared to 1,185 — 1,505 puS/cm for reference. ditee (2003) found that impacted sites had
conductivities greater than 2,000 pS/cm. Refersites had conductivities less than 1,500 pS/cnepxc
for two, where mean conductivity was about 3,500cpS Luce concludes that for these two reference
sites, conductivity was not an indicator of storrevaunoff but instead may be related to elevated
phosphate at these two sites that must have arshere “such as the geology of the watershed or
groundwater inputs to the creek.”

Erosion on the south flank of the Santa Monica neins, represented in normalized form as denudation
rate, is on the order of 0.5 mm/yr (Meigs et @99). Areas of the watershed with marine sedimghés
Modelo formation) could be expected to generaténsexat yields on the order of 5,000 tons per square
kilometer per year, compared to 1,000 tons perregkibometer per year from other portions of thege.

Median IBI scores at sites downstream of the Mod@imation outcrops are lower than those in the
undeveloped areas upstream of the Modelo formaaiod Jower than those that do not drain the Modelo
formation at all. However, IBI scores are relatyvhigh at CH-6, which lies within the Modelo forrmt
but has little upstream development and can thexdfe considered a reference site for sites infleén

by the Modelo formation. CH6 exhibits higher contiltity and a higher average SC-IBI score than any
of the impacted sites within the Modelo formatiblmwever, all sites with median SC-IBI scores lower
than 30 lie in areas with high-density developmeadardless of location relative to the Modelo
formation. In contrast, all sites with median SQ4Bores greater than 35 lie in areas of lower itietts

no development. These correlations diminish thdeawie for natural geology as a candidate cause whil
strengthening the evidence for urban development.

The evidence from the case is inconsistent withiapzo-occurrence of the Modelo formation and
increased sediment in Malibu Creek. Increased setimccurs at impacted sites that are not influgnce
by the Modelo formation, as well as sites withia Modelo formation. The evidence is consistent with
temporality, since the Modelo formation existeaptd impairment. However, there is little evide fice
the biological gradient. Evidence for the exposuathway is incomplete. Evidence from the literature
supports the plausibility but not the specificifynatural geology increasing sedimentation. Theneoi
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evidence for predictive performance. The evideaabérefore consistent, and inconsistencies can be
explained by a credible mechanism.

The evidence from the case is inconsistent withiapzo-occurrence of the Modelo formation and
increased toxicity. Limited toxicity has been obsarin Malibu Creek, and high conductivity occuodtb
in and out of the Modelo formation. The evidencedssistent with temporality, since the Modelo
formation existed prior to impairment. However,rthés little evidence for the biological gradient.
Evidence for the exposure pathway is incompletédénce from the literature supports the plausipilit
but not the specificity of natural geology incremssedimentation. There is no evidence for pregicti
performance. The evidence is therefore consiséemt inconsistencies can be explained by a credible
mechanism.

The evidence from the case is inconsistent withiapzo-occurrence of the Modelo formation and
benthic macroinvertebrate impairment in Malibu @rehe evidence is consistent with temporality,
since the Modelo formation existed prior to impagmt However, there is little evidence for the
biological gradient. Sites upstream of high-dendiéyelopment, but within the Modelo formation, dxhi
slightly lowered SC-IBI scores, but not as low esrss for sites impacted by urban development.
Evidence for the exposure pathway is incompletéddhce from the literature supports the plausipilit
but not the specificity of natural geology impagtiventhic macroinvertebrates. There is no evidéarce
predictive performance. The evidence is thereforesistent, and inconsistencies can be explained by
credible mechanism.

Overall, based on the evidence from the case amnlit¢hature, the strength of evidence for
natural geology to cause biological impairment ialibu Creek is moderate, but it is likely a
contributing stressor, not the primary stressor.

9.4 CHARACTERIZE CAUSES
9.4.1 Eliminate

Elimination of potential causes requires care agitiminance of one cause may mask other sufficient
causes. Only causes where lack of evidence faadigiis unambiguous should be eliminated. As a
result, two of the 12 candidate causes listed abozeliminated as highly unlikely to be a sigrafit and
sufficient cause of the observed biological impainin(these causes may contribute in a minor walyeto
observed impairment). The eliminated causes are:

B3. Fire Regime: Periodic fires in the watershed do not appedettemporally associated with
depressed bioassessment scores. The last fine inatershed occurred in 2007 and affected
station MC-1 and reference station SC-14, butm®tain stem station MC-12. Bioassessment
scores at MC-1 and SC-14 in 2008 were only sliglatiyer than in 2006, while those in 2009
were greater than 2006. At MC-12, 2008 bioassesssmores were greater than 2006, but 2009
bioassessment scores were lower.

B6. Agricultural Runoff: Agricultural runoff does not seem to be a priynaause of impairment for
the same reasons discussed for point source dgahaBtation MC-12 has little evidence of
agricultural land upstream (with the exceptiontaf ¥entura County portion of the watershed
upstream of Lake Sherwood, which is separated flentower portion of Malibu Creek by Lake
Sherwood, Westlake, and Malibou Lake). Station M@ecated downstream end of the
watershed, drains limited amounts of agricultumald on Las Virgenes, Stokes, and Cold creeks.

Potential cause A3 (Reduced DO) was also considbreatould not be definitively eliminated. DO
concentrations below the water quality standarebaserved at MC-1 and MC-12, but less than

10 percent of the time — likely not at a sufficiénetguency to cause impairment. Hypoxic conceiatnat
less than 2 mg/L have not been observed at thaserst. However, better DO conditions are clearly
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observed at the reference stations, with no obtiensbelow 6 mg/L. Therefore, cause A3 is not
eliminated at this stage.

9.4.2 Diagnostic Analysis

For Malibu Creek and Lagoon, diagnostic protocodspeotentially applicable to low DO and acute toxic
effects of some chemicals. However, direct obgems of organism lethality or condition due to a
specific cause are not available. Therefore, thgribstic analysis step is not applicable to Mallvaek
and Lagoon impairment analysis at this time.

9.4.3 Strength of Evidence

Strength of evidence analysis uses the informat@sloped in the data analysis to determine if the
candidate causes have a true effect on the bem#gcoinvertebrates. The causal considerationhéor
strength of evidence analyses used three typeddémce: case-specific evidence, evidence fronrothe
situations or biological knowledge, and evidenceellzon multiple lines of evidence, as described in
Section 9.1.

The results of the strength of evidence analyshiglware presented in narrative form in each aismabfs
the evidence, are summarized in Table 9-3. Thmbobf each cell displays the visual scoring
recommended in USEPA (2000b), ranging from stropglsitive “+++") to strongly negative (“---")..The
full range of symboils is not used for every lineegfdence. For instance, co-occurrence has poltentia
values of “+”, “0”, and “---" only.

Table 9-3.  Strength of Evidence Analysis for Case-S  pecific Considerations

‘ Consideration ‘ Results ‘ Stream ‘ Lagoon
Al. Reduced Habitat from Sedimentation

Compatible. Excess sedimentation results from the
geology of the Santa Monica Mountains and is
documented for the watershed by the filling of the pool
behind Rindge Dam and sedimentation in the Lagoon.
Limited sampling shows high TSS/SSC
concentrations during storm events. Increased
turbidity was observed at the impacted locations
relative to the reference sites. Sikich et al. (2012)
reported 21.29 of 68 surveyed stream miles were
impaired by fine sediments.

Consistent: Excess sedimentation has long been
present in the watershed as shown by the filling of the
pool behind Rindge Dam and sedimentation in the
Lagoon.

Case-specific Possible, but not strong. Luce (2003) showed that
Evidence embeddedness (but not percent fines) was correlated
to low BMI metrics in the upper watershed. RBP
physical habitat scores are similar between impacted + +
sites on the main stem and reference sites; however,
IBl appears to decline with decreased PHab scores in
the upper watershed.

Incomplete evidence (for stream). Sedimentation may
occur at excessive levels but linkage to impaired
biology is not fully proven. Physical habitat scores for
Complete Malibu Creek main stem stations are generally
Exposure acceptable (optimal or sub-optimal). Sedimentation + ++
Pathway appears to impact BMI, but BMI appear to be limited
by additional factors in the Malibu Creek main stem.
Complete evidence (for Lagoon). Excess
sedimentation has reduced historical habitat areas.

Co-Occurrence

Temporality

Biological
Gradient
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- Plausible: Relationship of sedimentation to degraded
Plausibility habitat and impaired biology is well documented. " i
Information from Specificity One of many pos.S|bIe causes of impairment. 0 0
Other Situations or Analogous cases: Many. Literature has documented
. ; instances of sedimentation (fines, sediment,
Biological Analogy : : ; ++ ++
Knowledge embec_idedness) adversely impacting benthic
macroinvertebrates.
Predictive No evidence for predictive performance. NE NE
Performance
Considerations Consistency of Most lines of evidence are consistent (for stream). + .
Based on Multiple Evidence All Ime_s of eyldence are cons_lstent (for Lagpon)
Lines of Evidence Co_herence of InconS|s_tenC|es can be explained by a credible + +
Evidence mechanism.
A2. Reduced Habitat from Excess Algal Growth
Compatible: Elevated benthic algal coverage was
Co-Occurrence | observed at the impaired Malibu Creek sites and the + +
estuarine sites are downstream.
. Consistent: Elevated nutrients appear associated with
Temporality development, beginning in the 1960s. " i
Strong. Both nutrient concentrations and mat algae
Biological coverage are much higher in Malibu Creek than at
: reference sites. Malibu Lagoon currently shows +++ +++
Gradient . ; .
elevated concentrations of nutrients and excessive
Case-specific algal growth.
Evidence Complete evidence. TMDL identified nutrients/algae
as a problem and levels have not significantly
declined. Comparison to reference sites suggests
Complete association. LYMWD (2011) contends that pH and DO
Exposure within re_gul_atory Ilmlts suggest_s weak lrr_lpqcts of + ++
Pathway eutrophication. This argument is unconvincing
because high gas exchange rates are expected in
shallow streams, and dense benthic algal growth
alone may cause impairment via habitat effects or
boundary layer DO.
Plausible. Relationship between excessive algal
Plausibility growth and altered benthic communities is well- + +
documented in the scientific literature.
Information from Specificity One of many possible causes of impairment. 0 0
Other Situations or Analogous cases: Many. The literature has
Biological documented many cases of altered benthic
Knowledge Analogy communities or re){:iuced biodiversity resulting from i *
excessive algal growth.
Predictive No evidence for predictive performance. NE NE
Performance
Considerations Consistency of | All lines of evidence are consistent. 1+ ++
> Evidence
Based on Multiple - - - -
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
A3. Reduced DO from Excess Algal Growth or Oxygen  -Demanding Wastes
Uncertain (for stream). No evidence of DO impact.
Background dissolved oxygen levels at the impacted
sites are similar to the reference sites, except that
Co-Occurrence | minima at the impacted sites are lower. 0 +
Case-specific Compatible (for Lagoon). Low DO concentrations
Evidence have been reported in the Lagoon, particularly in the
westerly portions of the Lagoon.
Consistent: Occasional DO problems are expected to
Temporality occur with increased algae and precede all biological + +
measurements.
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Weak. Reference sites do not fall as low as impaired
Biological sites, but it is unclear if frequency of low DO is + +
Gradient sufficient to cause impairment; thus, full pathway is
uncertain.
Incomplete evidence (for stream). Impairment may
Complete result from reduced physical habitat, not low DO.
Exposure Incomplete evidence (for Lagoon). Low DO has been + +
Pathway documented in the Lagoon, but itis not clear how
widespread or frequently anoxia occurs.
. Plausible. Relationship between algal growth and low
Plausibility DO is well-documented in the scientific literature. i i
Information from Specificity One of many pos.S|bIe causes pf impairment. 0 0
Other Situations or Analogous cases: Many. The IlteratL_Jre has
Biological Analogy documented many cases of excessive algal growth - ++
Knowledge causmg_low DO con(_:entre_:\tlons and subsequent
benthic invertebrate impairment.
Predictive No evidence for predictive performance. NE NE
Performance
Considerations E\?igse'f]zncy of Most lines of evidence are consistent + +
Based on Multiple - - s .
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
A4. Toxicity from Metals or Organic Toxics
Uncertain. Toxicity has been occasionally observed at
sampling locations in Malibu Creek and Lagoon.
Some toxicity has been documented in both dry and
Co-Occurrence wet weather stream samples, butit is not consistent in 0 0
space and time. Two of eight Lagoon samples
showed toxicity, but the location of the toxic samples
was inconsistent with expectations.
. Incompatible: Direct toxicity results not consistent in
Temporality time
Case-specific ) _ Weak. As discussed in Sectio_n 8.2, _the prpposition
Evidence Blologlcal that low IBI scores are assoc!ated with toxicity from + +
Gradient Modelo formation drainage with elevated sulfate
appears weakly supported.
Incomplete evidence. Toxicity that is present has
potential to impact organisms, but it is not clear if the
frequency of toxicity is sufficient to explain impacts.
Complete . . . .
Exposure No tissue evidence or diagnostic symptoms have + +
Pathway been repo_rted for these stressors. Elevated sulfate
and selenium may suppress benthic
macroinvertebrates but site-specific evidence does
not appear to be present.
Plausibility Actual evidence. ++ ++
Specificity One of many possible causes of impairment. 0 0
Information from Analogous cases: Many. The scientific literature
Other Situations or conta_lns many cases of toxmlty,_ especially of
Biological Analogy selenium. Case studies are available on effects of ++ ++
Knowledge elevated sulfate, but their applicability to Malibu is
unclear.
E;erfdonr:rt;lva?nce No evidence for predictive performance. NE NE
Considerations E\?igzlf]incy of Most lines of evidence are consistent + +
Based on Multiple - - - -
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.

9-33




Malibu Creek & Lagoon TMDL

December 2012

Consideration

Results

‘ Stream ‘ Lagoon

A5. Niche Competition from Invasive Species

Compatible (for stream). Invasive species (New
Zealand mudsnails) are present in the impaired
reaches of Malibu Creek.

Co-Occurrence | Incompatible (for Lagoon). The New Zealand +
mudsnail is a freshwater species that is not currently
observed in the Lagoon, but the majority of the
invertebrate samples have been freshwater species.
Uncertain (for stream). It is not clear if mudsnails were
present before biological impairment. IBI scores do
Case-specific Temporality not appear to be related to mudsnail density. 0
Evidence Incompatible (for Lagoon). Currently, the mudsnail is
not observed at the Lagoon.
Weak (for stream). Mudsnails are present at one of
Bi . the two reference sites (Solstice, but not Lachusa),
iological -
Gradient but downstream of the macroinvertebrate sample + -
location.
None (for Lagoon).
E)?&ZIS:: Incomplete evi_de_nce (fqr stream). + )
Pathway Some steps missing or implausible (for Lagoon).
Plausible. Niche competition by native species is well-
Plausibility documented. Impacts of mudsnails on native biotic + +
Information from communities have also been documented.
Other Situations or | Specificity One of many possible causes of impairment. 0 0
Biological Analo Analogous cases: Few analogous cases appear in the + +
Knowledge gy literature, but their findings are clear.
E[eerfdour:rt;lva?nce No evidence for predictive performance. NE NE
. Multiple inconsistencies in the lines of evidence.
Considerations E\?igzlf]tceency of Mudsnails were not documented until 2005, whereas
Based on Multiple 1Bl scores have been low since at least 2000.
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
B1. Altered Hydrology
Compatible (for stream). Flows have been shown to
be altered in the impaired reaches; likely not impacted
at reference sites where there has been little change
Co-Occurrence i imperyious cover. . + +
Compatible (for Lagoon). Year-round discharge of
water into the Lagoon and the practice of breaching
the sand barrier in summer and fall has disrupted the
natural hydrologic cycle.
- . Consistent: Flows have been altered by development
Ca_se-specmc Lemporality in the watershed and physical modifica)t/ion of ngoon. * *
Ewdence Weak (for stream). Information on hydrology at
Biological reference sites is not available. _
: Strong (for Lagoon). Natural salinity and tidal cycles + +++
Gradient . - o
have been altered, directly stressing the biotic
community.
Complete Incomplete evidence (i_n strear_n).Mechanism is
Exposure un(_:lear other than sedimentation (A1). _ + i
Pathway Evidence for aI_I steps_(for Lagoon_). Impalr_ment
strongly associated with hydrologic alterations.
Information from Plausible. The scientific literature contains many
Other Situations or | Plausibility reports of altered hydrology impacting biotic + +
Biological communities.
Knowledge Specificity One of many possible causes of impairment. 0 0
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Analogous cases: Many cases in the literature report
impairments to benthic macroinvertebrate
Analogy co?nmunities upon alteration of the natural hydrologic i *
regime.
Predictive No evidence for predictive performance. NE NE
Performance
Considerations E\?igse'f]incy of All lines of evidence are consistent. +++ +++
Based on Multiple - - s .
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
B2. Channel Alteration
Compatible (for stream). Sikich (2012) reported 987
streambank modifications, with 20.9 linear miles
Co-Occurrence | engineered with hardened materials. + +
Compatible (for Lagoon). The Lagoon channel clearly
has been altered as a result of adjacent development.
Consistent (for stream). Channel alteration has
occurred as the watershed has been developed,
apparently in an effort to protect private property from
Temporality erosion. + +
Case-specific Consistent (for Lagoon). Development of the area,
: including building transportation routes has occurred
Evidence .
since the 1950s.
Weak (for stream). Little reference information
Biological available. + it
Gradient Strong (for Lagoon). Channel alteration has affected
the hydrology and sedimentation in the Lagoon.
Incomplete evidence (for stream). RBP physical
Complete habitat scores in the watershed typically fall into the
Exposure optimal and suboptimal categories. + ++
Pathway Complete evidence (for Lagoon). Anthropogenic
modifications have severely altered habitat.
Plausible. The scientific literature contains many
Plausibility reppﬁs of channgl alterat_ion impacting_the hydrologic + +
. regime and physical habitat to the detriment of the
Information from biotic community
Other Situations or —— v - -
Biological Specificity One of many possible causes of impairment. _ 0 0
Knowledge Analogy Analogous cases: Many cases are documented in the ++ i
scientific literature.
E;erfdonr:rt;lva?nce No evidence for predictive performance. NE
Multiple inconsistencies in the lines of evidence (for
stream). While Sikich (2012) reported significant
. . Consistency of alterations, especially in developed areas, RBP
Constljderatlor;g | Evidence Y physical habitart)tscor)és remain iEl the optimal or B
Ei?]sei‘ o? rlli\wéjetlr?c: suboptimal categories.
All lines of evidence are consistent (for Lagoon).
Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
B4. Point Source Discharges
Co-Occurrence Compatible. Increased nutr_ient concentrations are + +
found downstream of the discharge.
Temporality Consistent: History of discharge. + +
Case-specific Weak: N and P are elevated in the stream in non-
Evidence . . discharge periods. Excess algal growth and elevated
Biological . .
Gradient nutrient concentrations occur upstream of the + +

discharge. Additional sources of of nutrient load from
onsite wastewater disposal.
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Incomplete for N: Nitrate-N concentrations are
elevated below the Tapia discharge during the winter
months, but not during the summer months, when
Complete algal growth is of greatest concem. Moreover,
nitrogen and algal growth are a concern upstream of
Exposure . ++ ++
Pathway the discharge, as well. _ o
Complete for P: PO4-P concentrations are significantly
elevated below the Tapia discharge. P loads are
likely to be stored in the lagoon sediment and
subsequently released.
Plausibility Plausible. The scientific literature includes many + +
reports of biota impaired by point source discharges.
Information from Specificity One of many possible causes of impairment. 0 0
Other Situations or Analogous cases: Many cases are reported in the
Biological Analogy scientific literature of point source discharges ++ ++
Knowledge impacting benthic macroinvertebrates.
Predictive No evidence for predictive performance. NE NE
Performance
Considerations E\?igse'f]zncy of Most lines of evidence are consistent. + +
Based on Multiple - - s .
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
B5. Urban Runoff
Co-Occurrence Compatible. Impaired sites are downstream of + +
developed areas.
Temporality Consistent: History of urban growth. + +
Strong. Less urbanized reference sites have
consistently better IBls.
Biological Strong. Impairment of the Lagoon biota is well-
: . . +++ +++
Gradient documented. Inorganic nitrogen from on-site
wastewater disposal in the Civic Center area
discharges to the Lagoon.
Evidence for all steps (for stream). Urban runoff likely
Case-specific acts as a cause rather than a primary stressor.
Evidence Plausible mechanisms are associated with A2, A4 and
B1. Increased imperviousness correlates with
increased nutrients/algal growth and impaired benthic
Complete invertebrate communities occur downstream of urban
Exposure development but not upstream. ++ ++
Pathway Evidence for all steps (for Lagoon). Urban runoff,
specfifically nitrogen loading from onsite wastewater
disposal impacts benthic macroinvertebrates in the
Lagoon. However, urban runoff likely acts as a cause
rather than a primary stressor. Plausible mechanisms
are associated with A2 and A4.
Plausibility Ez; known (other than for specific impacts under Al-
Information from Specificity One of many possible causes of impairment.
Other Situations or Analogous cases: Many cases are reported in the
Biological Analogy scientific literature of urban runoff impacting benthic ++ ++
Knowledge macroinvertebrates.
E;erfdonr:rt;lva?nce No evidence for predictive performance. NE NE
Considerations E\?igzlf]incy of Most lines of evidence are consistent. + +
Based on Multiple - - - -
Lines of Evidence Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.
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B7. Natural Geology
Uncertain (for stream). Sites with poor IBI scores are
mostly downstream of the Modelo Fomation, but are
also impacted by urban runoff. There are limited
results for sites in the Modelo formation with no urban
runoff and those outside Modelo formation suggest
Co-Occurrence partial impacts (e.g., reduced EPT but not IBI). 0 0
Uncertain (for Lagoon). The Lagoon is downstream of
the Modelo Formation, but many other possible
Case-specific stressors lie upstream of the Lagoon and confound
Evidence the relationship.
Temporality Consistent: Always present. + +
Uncertain: Elevated conductivity shows runoff from
Biological marine sediments; however, apparent correlation to 0 0
Gradient IBI results appears to be affected by confounding with
presence of urban runoff.
E)?&ZIS:: Incomple_te evidence: Ap_parent correlation does not + +
Pathway necessarily prove causation.
Plausibility Plausible (see LVMWD, 2011) + +
Information from Specificity One of many possible causes of irr_lpairment. _ 0 0
Other Situations or Analogous cases. Many case studies are a}vallgple on
Biological Analogy the effects of elevated sulfate, but the applicability to ++ ++
Malibu is unclear.
Knowledge Predich
P;erfonr:r;lva?nce No evidence for predictive performance. NE NE
Multiple inconsistencies in the lines of evidence (for
stream). IBI scores at CH-6 suggest limited impact.
Considerations Consistency of Multiple inconsistencies in the lines of evidence (for NE NE
Based on Multiple Evidence Lagoon). Itis unclear that the Modelo Formation has
Li f Evidence any effect on the Lagoon, or if the effect is masked by
Ines o other possible stressors.
Coherence of Inconsistencies can be explained by a credible + +
Evidence mechanism.

9.5 CHARACTERIZE CAUSES: IDENTIFY PROBABLE CAUSE

The stressor identification process has identifiedimber of potential causes for the reduced guatlit

benthic macroinvertebrates in Malibu Creek and bagdowever, there is not a single primary cause.
Instead, it appears that the impaired conditioma€roinvertebrate biology in the stream and Lageon
due to the impact of multiple stressors. For examBC-IBI scores throughout the watershed appele to
reduced where physical habitat is sub-optimal aisephowever, Malibu Creek main stem stations also
show poor IBI scores for samples with optimal pbgkhabitat and are likely co-limited by other fast
such as nutrients and algae.

All of the stressor sources presented in Tableage3Xredibly related to the observed impairment.
However, the evidence is stronger for some sout@asfor others. Further, the ultimate causeb®f t
key stressors are closely linked to one anotherse® on the preceding tables, the following twesstors
emerge as primary stressors correlated with thaimment in both the stream and Lagoon:

Al. Sedimentation (linked to B1, B2, B5, B7)
A2. Nutrients/Algae (linked to Al, A3, B5, B7)

In addition, the following stressors are strongdg@ciated with the impairment in the Lagoon, and
possibly associated with impairment in the stream:
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B1l. Altered Hydrology (linked to B2, B5)
B2. Channel Alteration (linked to B1, B5)
B4. Point Sources Discharges (linked to A2)

Stressors Al and A2 have previously been propasedases of impairment in the stream, while B1 has
been discussed as a cause of impairment in theobagour of the five primary stressors are assediat
with B5 — urban runoff, suggesting that implementaimay need to address the multiple impacts af thi
source.

Point Source Discharges (B4 likely had adverseceffa the stream prior to upgrades and diversabns
Tapia in the 1990s. But, it is not clear if siggant impacts have persisted in the stream afteaiment
of the growing season discharge (although pashdiges may continue to contribute to current day
elevated phosphate bioassessment scores). Theudjeds unlikely a primary cause of the effedthia
stream, but likely a contributing factor. Any reéniag contributions of point source discharges to
impairment in the stream will be captured undezgnative causes A2 (algal growth). Winter discharge
may contribute to impairment in the Lagoon as altes loading of phosphorus that is stored in the
sediment and subsequently released. Such imp#ttdse be addressed under integrative cause A2.

Natural conditions (B7) associated with runoff frtile Modelo Formation, including elevated
conductivity/TDS, clearly affect the biological paotial of the main stem and various tributaries to
Malibu Creek. Notably, these conditions appeaethuce EPT taxa. However, this stressor alone dates n
appear sufficient to result in poor IBI scores asBnpaired IBI scores are found at stations withia t
Modelo formation, while low IBI scores are foundstations that do not drain this formation (seetiSac
8.1.5). Instead, poor IBI scores appear to be miwosngly associated with sites that are downstreim
high density development areas. Therefore, natanaditions appear to be a contributing stressdrnbt
the primary stressor resulting in impaired biology.

Toxicity (A4) has been demonstrated occasionalihénstream, but not in the Lagoon, and dire ciciti
data are limited. Toxicity may be associated with(Brban Runoff) and B7 (Natural Conditions).
Sulfate and selenium concentrations are preseaxdess of water quality criteria, apparently due to
natural geologic background, but likely exacerbdtgdhcreased runoff from development. LVMWD
(2011) has proposed that impaired biotic conditiorttie watershed are in part due to high-sulfate
discharge coming from the area where the marinedidoidrmation is exposed. However, the existence
of acceptable IBI scores at sites with high conditgtdraining the Modelo formation, but not impadt

by development, suggest that direct sulfate omagthe toxicity is not the primary cause of impairrhen

Invasive species (B8) — specifically the New Zedlandsnail — remains a potential contributor to
impairment; however, the mudsnail was not confirteede present until 2005, whereas the low IBls
have been documented in the Malibu Creek main stece 2000. If the mudsnail was not present before
2005 it cannot be a significant cause of impairmeotvever, absence is difficult to verify. Thereedo

not appear to be a temporal correlation betweersmaitidensity and IBI scores.

In sum, benthic macroinvertebrates in the MalibeeRrwatershed and Malibu Lagoon are impacted by
multiple stressors, all of which may contributehe documented biological impairment. The sum ef th
evidence suggests that the dominant stressorgdimentation and nutrients/algae as well as apdealt
hydrology, channel alteration, and point sourcesh@ Lagoon only). Resolving these stressorkédyi

to result in the support of non-impaired (althounglh necessarily optimal) benthic macroinvertebrate
communities.
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10. TMDLs and Allocations

Malibu Creek and Lagoon benthic community and Malitreek sedimentation are impaired by the
interaction of a variety of stressors. The CWAeddhat the TMDL must achieve water quality stadsla
and must be expressed in terms of the maximum baily (or “other appropriate measure”) of a polhtta
that a water body can receive and still suppotbéiseficial uses. Since USEPA’'s assessment of alll
available data and studies demonstrate that thaifment is a result of multiple interacting strassohis
TMDL identifies multiple numeric targets and alltoas for the most significant pollutants.

A TMDL is a means for recommending controls neetdegstore and maintain the quality of water
resources (USEPA, 1991). TMDLs represent the fmlitant loading that a waterbody can receive
without violating water quality standards. The TMProcess establishes allowable loadings for a
waterbody based on the relationship between poliidburces and in-stream water quality conditiof.
CFR 8130.2(i) states that a TMDL calculation is shen of the individual wasteload allocations foirpo
sources and the load allocations for nonpoint sssuend natural background in a given watershed, and
that TMDLs can be expressed in terms of either mas$ime, concentration, toxicity, or other
appropriate measure.

The TMDL must also consider seasonal variationsiacldde a margin of safety that takes into account
any lack of knowledge about the causes of the veptality problem or its loading capacity. The sofm
the wasteload and load allocations, the margirafeftg (and any reserve capacity) must be equal to o
less than the loading capacity.

A TMDL targets a level of pollutant loading by addithe pollutant sources, both point and nonpaimntl,
a margin of safety. A TMDL is typically expressast

TMDL =WLA +LA+ MOS
where:

WLA = Waste Load Allocation — the portion of theting to the water body assigned to each
existing and future permitted point source of théuant

LA = Load Allocation — the portion of the pollutaleiading assigned to existing and future
nonpoint sources of the pollutant

MOS = Margin of Safety —an accounting of the utaiaty of the pollutant load and the quality
of the water body

To effectively address the benthic macroinve rtebcatmmunity impairments in Malibu Creek and
Lagoon and sedimentation impairment in Malibu Crekik TMDL considered all stressors and causes to
critically identify the pollutants of concern. & key stressors impacting the biota (both direzhlgt
indirectly) are sedimentation and nutrient loadiag summarized in Section 9. Excessive levels of
sedimentation cause suboptimal habitat, and apseaaksociated with the movement of sediment-
associated nutrients and toxics. Excess nutrantihg causes overgrowth of algae including the
development of macro-algal mats, which also diyeictipair the habitat available for benthic
macroinvertebrates, while indirectly contributimgetxceedances of DO and pH criteria.

Our initial assessment efforts to focus only onrti@n stem resulted in uncertainty and criticahdgdps
associated with our understanding of the stressmiscauses of the observed results. USEPA detedmin
that to properly capture the sources and stresgohe observed impaired condition in Malibu Creigk,
was necessary to evaluate the benthic communitywatelr quality conditions of the major tributaries
feeding into Malibu Creek main stem. In many caties water quality and benthic community
conditions showed worse water quality conditioRsr instance, physical habitat condition refledtesl
excess sedimentation in the tributaries, which theattly affected the main stem (See Section 9.3).
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Consequently, based on our comprehensive evaluatithe main stem and the major tributaries, this
proposed TMDL concludes that Malibu Creek main stewhthe major tributaries are impaired for
sedimentation and nutrient related water qualitgaiimments, which is directly linked to negative Bmfs

to the benthic community condition. This is congtée to many TMDLs in other states addressing
benthic community impacts (e.g., Benthic TMDL Deymihent Report Turley Creek and Long Meadow
Run Rockingham County, Virginia 2012; Cuyahoga RMéatershed TMDLs, Ohio for nutrient, bacteria
and benthic habitat 2003).

10.1 BIOLOGICAL RESPONSE TARGETS FOR THE WATERSHED

The TMDL for Malibu Creek and Lagoon identified riple targets that in combination define the
support of beneficial uses in the listed waterbedia series of responses are specified, and dreste
specific measures directly associated with theibiotpairment that can be measured and assessgd (e.
SC-IBIl). The response targets ensure that the TiEHieves beneficial use protection and provide a
valuable means of tracking progress.

Response targets are defined as measures of g qirovide direct evidence of whether aquate lif
uses are supported. Specifically, these respangets are defined in terms of measures of benthic
community health, including the SC-1BI, the SC-Odad the benthic algal coverage targets previously
developed for the Malibu Creek nutrient TMDL

SC-IBl: The SC-IBI scores at stations MC-1, MC-12, and-Iib should obtain a median value of 40 or
better, consistent with at least a “Fair” ranki@gl¢ et al., 2005). Scores less than 40 resultin a
determination of impairment, and a score of 40 aéguarates the impacted sites on the Malibu Creek
main stem from the reference sites (see SectiaR)8.The evaluation should be based on a median ov
a minimum of 4 years to account for significantrygayear variability in individual measurements.

SC-O/E: The O/E scores provide a second line of evidem@®mplement the IBI. O/E should equal at
least the 10 percentile of the model reference distributiommifr to the SC-IBI, the evaluation should
be based on a median over a minimum of four yeaast¢ount for year-to-year variability.

Benthic Algal Coverage: Algal coverage targets were established in theRKS(2003) nutrient TMDL
based on Biggs (2000) recommendations of no mae 30 percent cover for flamentous (floating)
algae greater than 2 cmin length and no more@Bgpercent cover for bottom algae greater tharcth 3
thick. Ongoing studies by SCCWRP suggest thegetmshould be protective of goals establishetien t
draft CA NNE framework. The NNE framework suggebtst, for support of the COLD beneficial use,
maximum benthic chlorophy# density should always be constrained to be lems 150 mg/rhand
ideally less than 100 mgfireferred to as the BURC I/Ill and BURC VIl bodaries)?

The chlorophylla target is to maintain a minimum of 150 mg/L fotlhetreams and Lagoon.

10.2 SEDIMENTATION LOADING CAPACITY FOR THE WATERSHED

As described in Section 9.5, sedimentation — tliegsxmovement and deposition of sediment —is a
critical problem in Malibu Creek, its tributariemd the Lagoon; it negatively impacts the benthatid
communities and results in a less than healthygiodl community. Sedimentation can be indicatife

3 The ongoing work by SCWRRP suggests that maximemthixc chlorophylla densities greater than 150 mg/m
are likely to occur when macroalgal cover excedipedcent. Specifically, preliminary quantile reggions (based
on four samples each at 17 sites sites) suggeasthehds' quantile of benthic chlorophyél density of 150 mg/fis
associated with a ¥5quantile estimate of 37 percent macroalgal cove(preliminary draft of B. Fetscher,
Development of Multimetric Tools for Setting Numtutrient Targets including a Periphyton IndexBidtic
Integrity; report not yet submitted). This resultis conaie to Biggs (2000) recommendations. In additibis,
TMDL does not modify the chlorophydl numeric target established in 2003.
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a variety of stressor sources that are associateédivban runoff and altered hydrology, as in thsecin
Malibu Creek Watershed.

While there is evidence of high sedimentation ratebe Malibu Creek Watershed, there is general
recognition that this watershed is also expectdwt@ naturally elevated sediment yield due to the
presence of erodible soils and comparatively rgpinlogic uplift of the Santa Monica Mountains; tisis
characterized by mean uplift and denudation rdtesannd 0.5 mm/yr (Meigs et al. 1999).
Unfortunately, other appropriate reference sitesoiuthern California with comparable geology amze si
and lack of significant human influences, do nasexin the absence of an appropriate referereesi
watershed, a reasonable sedimentation rate togpithie health of the Malibu Creek watershed is
determined by evaluating the natural capacity @ifto move sediment in the Malibu Creek Watershed.

First, USEPA concludes and acknowledges that ugaediment supply will be naturally high in the
Santa Monica Mountains, based on the watershetlsatayeologic characteristics. Since the supply o
detached sediment is not limiting, the importanialae feature is the capacity of flow to move seelit
into and through the channel network. In additima,considered the history of extensive anthropiegen
activities in this Watershed causing significate@ltions to its flow regime, which increased sestitn
transport capacity.

The objective of this TMDL should demonstrate hastito reduce elevated sedimentation and stream
sediment transport rates to those reflective afnahtonditions.

10.2.1 Sediment Transport Capacity

To evaluate the change in sediment transport cgpasia result of development or related anthropicge
activities, the sediment transport capacity isnestéd. Most of the sediment mass moving through
Malibu Creek lead to the filling of natural poolsdaclogging of substrate, and then moves as bedload
during major storm events. Bedload transport shatiows the examination of the sediment transport
capacity of the stream as a function of criticaaghstress (the force applied to the bed necessary
dislodge and erode sediment), which in turn dependsope and flow depth. Specifically, the fous

on effective work, which is the integrated prodeicéxcesshear stress and velocity. This is the product
of force and the distance through which work adthis work combines both the detachment and the
movement of sediment and thus represents the foaesead talownstream sedimentation

Meyer-Peter and Muller (1948), as revised by thayais of Wong and Parker (2006), determined that
bedload transport varied as a function of 8 - ¢c)*?, wheret* is the boundary shear stress apis the
critical shear stress for incipient motion, approated in general of 0.0495 g/émWhent* < tc,

bedload transport is zero.

Effective work, W, is obtained by integrating theguct of the excess shear stress formula for bedlo
transport and the stream velocity, V: W 3 &* - 0.0495%2 V dt, where t is time, K is an appropriate
units conversion factor, and bathand V are functions of time. The boundary st&tass is given by*
=S -y - H, where Sis the slope (dimensionlegs3,the density of water (1 gm/érand H s the
hydraulic radius. The hydraulic radius can in thencalculated as (D - W)/(2 D + W), where D is the
average depth of a cross section and W is the idhw

A complete analysis of effective work requires gntgion (or piece-by-piece summation) over the
complete time series distribution-dfand V. Sufficient information is not currentlyailable to

complete such an analysis for Malibu Creek WatetshHgut more importantly, the necessary component
is an estimate of theslative change in effective work in Malibu Creek compatredhatural conditions.

Most of the work on natural channels (that is, timve ment of sediment) occurs at flows between t-yea
and 10-years recurrence. Smaller storms are tetalmobilize large amounts of sediment. Storms
larger than a 10-year recurrence can move morengedlj but occur so infrequently that they accoont f
a smaller amount of the total load. The IHA analysesented in Section 6-4 showed that both the 10
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year and 2-year storm magnitudes in lower MalibegRrhave increased significantly following
development. For example, at the LACDPW F-130 gdgeestimated 10-yr peak increased from 5,370
to 7,360 cfs, while the estimated 2-yr peak inozdafsom 1,180 to 1,697 cfs; this is likely due to
increases of impervious areas in the watershedsd bstimates are taken as representative of thie wh
watershed because the drainage area between gieisigd the mouth of Malibu Creek is small.

Calculating shear stress requires establishingatiamship between depth, top width, and flow véioc
This information is available from field measurensecollected by USGS in the process of calculating
rating curves at gage 11105510, in the natural mélamear the mouth of Malibu Creek. (Note that the
LACDPW F-130 stream gage is located on a groutdd, wet a natural channel section, and does not
require field calibration. Thus, similar informati is not available for that gage.)

Analysis of the data at gage 11105510 shows thewfoig relationships to flow in ft, fps, and cfs:
0.3054 @“*°%and, for flows greater than about 500 cfs, V 90803 - (Q —594) + 1 (see Figure 10-1).
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Figure 10-1. Velocity and Hydraulic Radius as a Fun  ction of Flow at USGS Gage 11105510
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Boundary shear stress also depends on slope. t®log&to increase with distance upstream in the
Malibu Creek main stem. USGS gage 11105510 iss®apling station MC-1, where the estimated
slope is 0.5%, increases to 3.5% at MC-15 (beloWd Coeek), and is about 9.5% at MC-12 (above Las
Virgenes Creek).

10.2.2 Excess Work and Change in Sedimentation Rate

The changein effective work can be approximated by estingtime change in instantaneous work at the
2-year and 10-year recurrence levels, spanningjer range over which the majority of total work o
the channel is expected to occur (Table 10-1). sEmsitivity of the result to slope was testedumyning
the analysis at both 0.5 and 10 percent slopesfwhtcreases the effective shear). The results are
consistent across both 2- and 10-year events afid3@nd 10 percent slopes and suggest that work
being done on the channel is about 160 percetidfdone in pre-development conditions (i.e.,

Woos{ Wore = 1.6). In other words, the predevelopment workienchannel was 1/1:662 percent of that
under current conditions, and a reduction of appnately 0.6/1.6= 38 percent from existing conditions
would be needed to restore an approximately nasedimentation regime.

Table 10-1. Analysis of Change in Effective Work in ~_Malibu Creek

Slope 0.5% 10%

Recurrence 10-year 2-year 10-year 2-year
Condition Post Pre Post Pre Post Pre Post Pre
Flow (cfs) 7,360 5,370 1,697 1,180 7,360 5,370 1,697 1,180
V (m/s) 1.961 1.474 0.575 0.448 1.961 1.474 0.575 0.448
H (cm) 334.6 294.7 1854 169.2 334.6 294.7 185.4 169.2
™ (g/cmz) 1.673 1.474 0.927 0.801 33.460 29.475 18.543 16.021

W postW pre 1.619 1.618 1.610 1.598
gzgﬂgt?on 38.2% 38.2% 37.9% 37.4%
Note: “Condition” refers to the IHA analysis, where the “Pre” condition is based on flow records from water years

1932 — 1965 and the “Post’ condition is based on water years 1993 — 2009. Flow records are from LACDPW gage
F-130. V is stream velocity, H is hydraulic radius, 1* is boundary shear stress, and W is instantaneous work,
proportional to (T* - 0.0495)3’2 V. Needed reduction (to reduce work to pre-impact levels) is (W post-W pre) MW post.
Available data allows calculation of the W pest/W pre ratios, but not their individual values.

Because effective work is a measure of the powaatsport sediment, the 38 percent reduction irkwo
is equivalent to a 38 percent reduction in chasediment transport. The reduction goal can be
converted to a load basis by examining sedimensprart at the LACDPW F-130 mass emissions station.

Estimates of long-term load require average floa& B8S concentrations in the stream. The best
estimate of long-term load is provided by a stiedifflow-weighted averaging estimator (Prestoriet a
1989). A natural stratification of the results aggs to occur at a flow of about 80 cfs. Flows mmn
this amount (as a daily average) have an averagevileighted concentration of 125.9 cfs. Flows tgea
than or equal to 80 cfs have an average flow-weifjobncentration of 301.8 mg/L.
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Applying these estimators to the flow series obsdifvom water years 1993 through 2010 yields an
estimate of the current conditions average anmaal passing station F-130 of 11,038 tons/yr. Estoh
annual loads range from 1,360 tons in water ye@2 20 43,000 tons in water year 1993; this range is
generally consistent with the partial load estirmat@culated by USEPA based on turbidity and
suspended solids monitoring in 2011-2012 (SectidrB). The TMDL target is a 38 percent reduction in
the average annual load, resulting in a load cf$68ns/yr — as a long term average. The convetsio
daily load results in a requirement not to exce@t 8 mg/L suspended solids (on average) for didkyst
greater than 80 cfs.

Monitoring at the mass emissions station has géyewt reported data from the high flow range, whe
sampling can be dangerous. In addition, sedimansport in a flashy system like Malibu Creek isreno
a function of instantaneous peak flow than dailgrage flow. Thus, there is not a strong relatignsh
between the reported flow-weighted TSS concenmatitd daily average flow (Figure 10-2), although
the minimum observed concentration does appeactease with higher daily average flows. This is
accounted for above by using a stratified flow-vaeégl averaging estimator. Any additional uncetyain
related to this will be further considered in thargin of safety determination.
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Figure 10-2. Relationship between Flow-weighted TSS  Concentration and Daily Average Flow at
the Malibu Creek Mass Emissions Station, 1998-2010

10.2.3 TMDL Allocations for Sedimentation in the Watershed

The goal of a TMDL is to ensure that the impaireatex will attain water quality standards. The TMDL
determines the amount of a given pollutant thattmatoaded to the water body and still meet water
quality standards (the loading capacity) and atexéhat load among the various sources.

Identification of the pollutant’s loading capacfty a water body is an important step in develoging
TMDL. USEPA defines the loading capacity as “theagest amount of loading that a water body can
receive without violating water quality standar@dSEPA, 2000e). The loading capacity provides a
reference for calculating the amount of pollutieduction needed to bring a water body into compéan
with standards. The portion of the receiving watrading capacity assigned to a particular psttrce
is termed a wasteload allocation, while the portbthe receiving water’s loading capacity assigteed
one or more nonpoint sources is termed a loadalmt By definition, a TMDL is the sum of the
allocations, which must not exceed the loading ciypa
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10.2.3.1 Total Sedimentation Allowable Load for Point Sources

For sedimentation in Malibu Creek, the loading cétpds 6,844 tons/yr of sediment movement past the
F-130 gage (see Section 10.2). The work that megesnent in the channel is due to stormwater funof
therefore the allocations are proportional to taetion of stormwater generated by a given source.

Stormwater in the entire Malibu Creek Watershesliigiect to one of three MS4 permits: the Los Argele
County Unified MS4 Permit, the Ventura County UsifiMS4 Permit, and the Caltrans MS4 Permit.
Each of these permittees receives a wasteloadhsiboc The Tapia discharge is not considered a
significant contributor to high flows that causenk@and channel erosion; therefore, a zero wasteload
allocation for sedimentation is assigned to thisipsource.

10.2.3.2 Sedimentation WLA

The allocatable load is divided up among the thvi& permits on the basis of relative contributitms
stormwater flow (note: The Tapia discharge is gi@elVLA of zero). The analysis of flow is based on
Schueler’s Simple method, as presented in Caragb @t998). In this formulation, storm runoff diegs
expressed as 0.9 x P x (0.05 + 0.09 la), wherepke§pitation and la is the impervious area fi@ati
Alternatively, this implies that the total storrmaff volume is a function of (0.95 x Imp + 0.05 &r®)
times a units conversion. The sedimentation Wlissagsigned proportional to the flow from each
jurisdiction. For any jurisdiction this is simply:

095xImp; + 005xPery,
095x > Imp; + 005x>_Pery,

Allocation =

Land use and imperviousness was determined fror2d68 SCAG coverage and tabulated by
jurisdictional area, as shown in Table 5-1 aboVhke resulting allocations are shown in Table 10-2,
which account for a 10 percent Margin of Safetyrfrilne loading capacity of 6,844 tons/yr, so thaltot
allocatable load distributed below is 5,817 tons/yr

Table 10-2.  Wasteload Allocations for Sedimentation (based on SCAG 2008 land use)
Sedimentation
Permittee Impervious Area Pervious Area Allocation Fraction Allocation (t/yr)
Los Angeles Co. 2,755 39,924 58.4% 3,397
Ventura Co. 1,922 25,180 39.1% 2,274
Caltrans 200 206 2.5% 145

An explicit MOS of 15 percent of the loading capg¢il,027 tons/yr) is assigned to account for
uncertainty in the TMDL. The results of the TS aurbidity relationship illustrated the signifidan
amount of load that can be transported down thersfa¢d along the main stem Malibu Creek during
typical sized storm events. As a case in pointinduthe sampling period between 2011 to 2012, the
largest storm event, with a measured flow of oME0Q0 cfs, was not captured because the equipment
was flooded and damaged. Since we do not havenpar@able data set collected prior to a modified
Malibu Creek Watershed (i.e., hydrology, impervioess, etc.), we believe that an explicit MOS of 15%
accounts for the uncertainty related to greaterspart of sediment load during high flow eventyear.

Sedimentation in Malibu Creek and Lagoon presetasigrterm cumulative threat to the support of

aguatic life. Therefore, allocations to individsalasons are not needed. However, seasonal wasiati
are addressed in the TMDL because the allocatienpraportional to flow, which varies seasonally.
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10.2.3.3 Sedimentation Load for Non-Point Sources

Because the entire watershed is covered by MS4ifseiand because flows from properties that drain
directly to the creeks without passing through ajaaized stormwater conveyance represent minimal
amounts of impervious area and are considered gnlesignificant contributor to the overall
sedimentation transport capacity in the creekgtiealso no explicit nonpoint source load allamati
assigned. The LA for the Malibu Creek Watershed-point sources is zero for the identified non-poin
sources.

10.3NUTRIENT ENDPOINTS

USEPA established a nutrient TMDL for Malibu Créd&fktershed in 2003 (USEPA, 2003). This
established nutrient targets for two seasons: [guhia summer (April 15 — November 15) nitrate-plus-
nitrite-N and total P targets are 1.0 and 0.1 mggkpectively. During the winter months (Novembeér

— April 14) the Nitrate-plus-nitrite-N target isn8g/L and no total P target is applied. Itis intaat to

note that the summer nutrient targets are basedreference approach reflecting concentrationsrebde
in “relatively undisturbed stream segments” on Updalibu Creek and Middle Malibu Creek.

However, the 2003 TMDL based the reference approadivo reference sites, while this TMDL,
applying the same reference approach, consideredr@ference sites and the geology of the Watershed
(these data were not available prior to the esthbiient of the 2003 TMDL). The 2003 winter target
simply represents a 20 percent margin of safetysaghent on the existing 10 mg/L numeric objective
provided in the basin plan, which is based on huhwaith limits in drinking water, not aquatic lifiee
protection. The existing TMDL clearly states ttig factors controlling algal growth in Malibu Ckee
were not fully understood at that time and cont&inguage suggesting the potential need to redpgen t
TMDL if more stringent limits are necessary follmgiadditional study. In light of the additionataa
and specific studies on nutrients in Malibu Creeit¥vshed conducted in the last 11 years, USEPA re-
evaluated the record and provided modificationsrevagplicable.

The nutrient TMDL was based on achieving a thresl®30 percent cover for filamentous (floating)
algae greater than 2 cmin length and a thresHd@ percent cover for bottom algae greater tharct
thick. Water quality monitoring data from Malibuegk shows that the TMDL nitrate targets have
generally been met in the Malibu Creek main stega {@gure 7-13); however, this has not been
sufficient to achieve the stated thresholds famfiéntous and bottom algae coverage (see Sectipn 8.3
The data and analyses since 2003 have demonstnatealdditional reductions in nutrient loads and
concentrations are needed to achieve the proteafibeneficial uses. Similarly, the Nutrient Nuioer
Endpoint for Malibu Creek Watershed includes dethadnalysis that the appropriate nutrient
concentrations needed to achieve protection offtmaleuses will have to be lower than established
the 2003 Malibu Creek Watershed Nutrient TMDL (Apgix F).

10.3.1 Relevance of CA Nutrient Numeric Endpoint Tool

USEPA reviewed and applied the best available métion and tools to evaluate the sources and causes
of the impaired condition. This included the Galifia Nutrient Numeric Endpoints (CA NNE)
framework (Appendix F; Tetra Tech, 2006) appliedalibu Creek. The NNE framework is a process
for developing site-specific nutrient targets basadecondary indicators, such as benthic algadigen
The NNE approach also incorporates risk cofactmasaffect algal productivity, including light
availability, temperature, flow characteristicsddmological factors. As part of the NNE develome
Tetra Tech (2006) provided simplified scoping taolestimate algal response to nutrient concentrafi
including a benthic biomass predictor that candmduo estimate nutrient concentrations consistiht
achieving a specified algal density target. Owl@ation of past and recent data confirmed thadsssisg
the condition based on a single line of evidenee, (inorganic levels of nitrogen and phosphoruay not
sufficient and may provide a false conclusion esiream condition (i.e., low N&EN concentrations
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suggest impairment is addressed, but high TN ateheive mat algal coverage was observed indicating
impairment still persisted). The results of oweraluation and the results of t the applied NNE
framework in Malibu Creek supported the need falaating multiple lines of evidence.

The CA NNE recommended targets are currently uodesideration by the State Water Resources
Control Board, and have not yet been officiallyptgd. However, the basis of the scientific study
specific to Malibu Creek is critical for this readuation and provides greater depth of explandtoour
observed data results in the Creek and main trilesta The approach recommends setting response
targets for benthic algal biomass in streams besetiaximum density as mgfmhlorophylla. Targets
for a site are defined in terms of beneficial uses Beneficial Use Risk Categories (BURES)A
TMDL should, at a minimum, reduce average concéotrs below the BURC I/l threshold. In the
case of Malibu Creek, there is evidence that mitlievels are naturally elevated to some extenttdue
the presence of marine sedimentary rocks, furtiggesting use of the BURC II/11l threshold as ayedr

10.3.2 CA NNE for Malibu Creek Watershed

The COLD and SPWN beneficial use designations, whave the most stringent BURC thresholds, are

applicable to the Malibu Creek main stem. Underdhrrent proposed CA NNE approach, these have a
BURC II/11l threshold of 150 mg/fmmaximum benthic chlorophydl.

The NNE analysis for Malibu Creek and tributariesswased on detailed surveys undertaken in 2001 and
2002 (Busse et al., 2003; Busse et al., 2006) sdkaudies reported algal biomass (both benthic and
floating), nutrient levels (nitrogen and phosphgrasid physical conditions in multiple stream resch

with different surrounding land uses and habitaiditions. Reported benthic algal densities meakase
chlorophylla were quite high (up to 717 mgfim the Malibu Creek main stem), but the ratio of
chlorophylla to ash free dry mass (AFDM) was also elevatedhaba moderate amount of algal biomass
can lead to very high chlorophyldensities. The benthic biomass predictor “Revi9ethL2K” steady

state method appears to provide reasonable pr@aiotif the maximum observed benthic chloropayll
density at each site.

The benthic biomass predictor contains a varietyefhods, of which the Revised QUAL2K method
(with accrual adjustment) provides the best fibtiservations in Malibu Creek. Three individuagsiin
the main stem were analyzed. To reduce uncerdimyresults were averaged, yielding an estinhete t

the appropriate numeric nutrient goals to achiéeelt50 mg/rhmaximum benthic chlorophyé target
are:

* 0.24 mg/L total N and/or 0.0033 mg/L total P foe dummer period.

e 0.65 mg/LTN and 0.090 mg/L TP during the winteripe (11/16 — 4/16), with lower
light availability.

These target concentrations are most approprietypreted as seasonal median concentrationggs th
are based on a steady-state model.

* BURC:s establish ranges for the interpretation dfient criteria, similar to the approach that USER#S
promulgated for nutrient criteria for Florida laKé® FR 75762, Dec. 6, 2010). BURC | water bodiigg nutrient
concentrations sufficiently low that they are repected to exhibit impairment due to nutrients. RELIII water
bodies have nutrient concentrations sufficientiyhhand with a high likelihood of exhibiting impaiemt due to
nutrients; these are assumed to require nutrieloicteons. Finally, BURC Il water bodies are iniatermediate
range of concentrations that may require additionfarmation and analysis to deter mine appropréiteespecific
protective nutrient criteria. For a given beneficise designation, the BURC I/l threshold repnésa protective
level below which there is general consensus thistemts will not present a significant risk of imipment. (This
threshold should also be set so that is not less e expected natural background.) ConverdetyBtURC II/111
threshold represents a level that is sufficientghtwith general consensus that risk of use impantby nutrients
is probable.
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A second line of evidence is provided by the eropiranalyses of Dodds et al. (2002, corrected 2006)
which predict benthic chlorophydl based on TN and TP concentrations, but do notislecthading or
temperature as independent variables. The Doddsieqs suggest that an appropriate target for
achieving the 150 mg/fchlorophylla goal would be a TN concentration of 0.585 and a TP
concentration of 0.081 mg/L (selected from the omaus curve at a point where the mass-based
Redfield ratio of 7.23 is achieved). These valiasbetween the summer and winter targets develope
using the QUAL2Kw approach. The QUAL2K-based apptoassumes that algal growth is controlled
by the most limiting nutrient. Therefore, achiey&itherthe TN goabr the TP goal, above, should be
sufficient to attain the algal density target.

The NNE framework makes clear that appropriateignittargets cannot be less than natural background
The discussion of natural reference conditionsdati®n 7.5.4 suggests that the natural background
concentration for total N in the watershed is be&/7 mg/L outside the Modelo formation and
approximately 1.3 mg/L within the Modelo formatidmgth greater than the NNE target. Section 7.5.4
also presented a natural background concentratiorid mg/L total P outside the Modelo formatioman
0.6 mg/L within the Modelo formation, both well éxcess of the target yielded by the NNE analysis.

Although the NNE study specific to Malibu Creelnit yet final, the NNE analyses confirm that lower
nutrient targets are needed for Malibu Creeks tritical that this TMDL includes the most recent
information and analyses available. The informabta natural background concentrations suggests tha
attaining the NNE target of 150 md/hlorophylla is likely not feasible in this watershed. As such
USEPA proposes to establish targets based onféremnee data estimated using the reference approach
USEPA believes that these numeric targets are ppate for Malibu Creek and the main tributaries.

In summary, the detailed NNE analysis for Malihe€k Watershed and the data observed from the
available reference conditions, strongly suggéssthe nutrient load or concentrations in theashe
must be reduced if the benthic community is to tuegoted. .

10.3.3 TMDL Allocations for Nutrients in the Watershed

The existing nutrient TMDL for Malibu Creek (USEP2003) estimated the loading capacity for
nutrients and assigns summer and winter allocatiased on concentration targets. USEPA'’s evaluatio
of the additional data collected since 2003 andamaiysis presented above in Section 10.3 sudusst t
the loading capacity for nutrients, and thus tihecations, need to be reduced.

Because the listed impairment was benthic commumipacts, USEPA evaluated all variables
potentially impacting the benthic invertebrate dtiad. USEPA's extensive assessment of the stresso
and causes of impairments to the benthic commdimidg nutrient as a primary cause of impact. Sjron
evidence indicates that the nutrient targets estad in the 2003 TMDL have been mostly met;
however, Busse et al.’s (2003) study and the ovelmimg data on the algae and macroalgal coverage in
the streams and main stem since the 2003 TMDL suigbet the assimilative capacity was substantially
overestimated. As a result, nutrient enrichmestr@ only continued, but in some cases increased i
Malibu Creek. Furthermore, our evaluation of thathic community condition in the main stem and at
the major tributaries show severe impact with yeogr scores compared to reference sites, even when
the unigue geological conditions of the Modelo fation was factored into our analysis.

USEPA concludes that concentration-based allocatioe the best approach towards meeting the
protection of the identified beneficial uses. Ha 2003 TMDL, mass-based loads were assigned to the
various sources; however, our assessment of thesttate 2003 strongly suggests that in-stream
concentration will be more effective in addresstimg stressors causing the impact to the benthic
community. In this TMDL, the following TN and TR®centrations (Table 10-3) are set as the
concentration-based allocations for Malibu Creett lie major tributaries feeding into the main stem
based on concentrations found in natural backgrdsee Section 10.3.2). The data overwhelmingly
show that the tributaries feeding into the maimstae impaired, if not more impaired. It would be
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difficult to separate out the impact of the impditebutaries from the main stem. As such, the
concentration-based allocations apply to thoseitities directly feeding the main stem.

The instream numeric target and concentration-bakeciation for TN is set at 0.6 mg/L in summer and
1.0 mg/L in winter. For TP, the original criteriofi0.1 mg/L is maintained because the observeal dat
still consistently show that the 2003 numeric taigeot met. In addition, evidence strongly sisige

that phosphorus is consistently loading into theeRrsystem throughout the year, irrespective cfaaea
Consequently, this TMDL establishes a numeric taagel instream concentration-based allocation of TP
of 0.1 mg/L throughout the year. Furthermore,ah@focations must be linked to the algal coverage
criterion. In order for the allocation to be ackd, both the nutrient allocations and the algakcage
target must be met.

Table 10-3.  Proposed instream concentration-Based A llocations for TN and TP in Malibu Creek,
Main Tributaries and Lagoon

Benthic Algal Coverage
Time Period TN* (mg/L) TP (mg/L) (%)
Summer 0.6 0.1 <30% filamentous algae;
(April 15-November 15) ’ ’ < 60% bottom algae
Winter 1.0 01 <30% filamentous algae;
(November 16-April14) ’ ) < 60% bottom algae

* TN concentration includes the sum of the organic and inorganic species.

Invitation to Comment on Alternative Option

However, based on some good indication that thesssalraining the Modelo formation may lead to
elevated phosphorus levels, USEPA is inviting cominoa an alternative option of setting slightly
elevated numeric targets for TP in those areasid@gihe Modelo formation. This instream targeulslo
be set at no greater than 0.4 mg/L; this is confipara the evidence provided for reference siteatkd
in the Modelo formation and absent of any develommearby (Table 10-4). This option would be
contingent on (1) additional data and informatioomided to illustrate that TP concentrations ab@low
0.4 mg/L are also correlated to limited algal ceggr data, which must be below the benthic algal
coverage numeric criteria; and (2) delineationraf gerification that sub areas in the Watershedoean
appropriately distinguished between those areasidgathe Modelo Formation and those sub areas
draining from Non-Modelo Formation.

Table 10-4. Possible Alternative Option for Nutrien  t Allocations

Possible Alternative Option

Time Period TN* (mg/L) TP (mg/L) Benthic Algal Coverage (%)

<30% filamentous algae

Summer (Apr 15-Nov 15) 0.6 <0.4 <60% bottom algae

<30% filamentous algae

Winter (Nov 16-Apri4) 1.0 <0.4 <60% bottom algae

These revised concentration-based allocations gdhitkdctly address the needed reductions in the
nutrient allocations defined in the 2003 NutrieMOL. Additional nutrient reductions are needed
primarily to obtain the algal coverage targets ldisthed in the 2003 nutrient TMDL. Because nuten
and algal coverage have been identified as sigmificontributing factors in the biotic impairmefit o
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Malibu Creek and Lagoon, assigning these instreamentration-based allocations will directly addres
the nutrient stressor affecting the biotic impainte

In addition to the instream allocations, load aficns are provided for the discharge of onsite
wastewater disposals. Load allocations were catedilby applying the 2003 nutrient TMDL percent
reductions to the existing nitrogen (summer andev)rand phosphorous (summer only) concentrations
(calculated from Table 21 in USEPA, 2003), resgliimthe 2003 nutrient TMDL target concentration in
OWDS discharge. These 2003 target concentratiore then scaled by a factor equal to the ratio
between the 2003 and 2012 instream targets torothteiOWDS discharge concentration targets for this
TMDL. Overall, a total nitrogen discharge concetidiia of 2.49 mg/L applies in the summer and 6.75
mg/L applies in the winter. The total phosphoroissithrge concentration of 0.99 mg/L applies year-
round. These concentrations assume that the OW§aBatge rates remain consistent with levels used in
the 2003 TMDL.

The load allocations for this source category ataslevels that will require large reductionsutrient
loading from septic tanks throughout the waterqneast of the OWDS occur in the lower and middle
watershed [Tetra Tech, 2002]). Implementation efltad allocation will probably necessitate aggwess
actions to identify and repair all septic systehzt tio not function properly. The highest priofiy
implementation is to ensure that discharges fromrmercial septic systems do not cause nutrient
discharges to surface waters, particularly in tladibi Lagoon area. We expect that actions taken to
address septic systems will provide improvementfisnoharge quality throughout the year; thereftre,
winter LAs should be met if the summer LAs are met.

The concentration-based allocations for the entdie shown in Table 10-5.

Table 10-5. Wasteload and Load Allocations for TNa - nd TP in Malibu Creek, Main Tributaries and
Lagoon

Allocation TN (mg/L) Summer TN mg/L Winter TP (mg/L) Year-round

Wasteload Allocation (instream)

Tapia WWTP (ongoing discharge)
Los Angeles County MS4 Permmittees
Ventura County MS4 Permittees
Caltrans MS4 Permittee 0.6 1.0 0.1

Load Allocation (instream)

e Agriculture
e TapiaWWTP spray field

Load Allocation (discharge)

. - 2.49 6.75 0.99
¢ Onsite W aste Disposal

10.3.4 Allocations and Biological Targets for Malibu Lagoon

Based on the observed species richness both fabiviBhgoon and for other southern California cdasta
estuaries, it is appropriate to expect greater mumbtaxa/functional categories (i.e., specieBméss) as
the Lagoon's conditions improve; this improvemeatila reflect the restored diverse benthic community
Given the best available information to date ardrtiost recent restoration efforts in Malibu Lagowa,
should expect to see increased taxa richness ionv&r Consequently, to ensure that the benthic
community condition continues to improve, this TMB&tablishes the same nutrient concentrationbased
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allocations in Table 10-5 above. Inaddition, fAiMDL also sets a response variable target for the
Lagoon.

Because sedimentation and excessive nutrient Igadio the Lagoon continues to be a problem that
directly impacts the benthic community conditidme established pollutant load reduction, as desdrib
above, for sedimentation and nutrients will als@applicable in Malibu Lagoon.

Furthermore, this TMDL establishes a specific nuamarget for Malibu Lagoon. This numeric target
reflects the overall conclusion that the benthimomunity is significantly impacted. In additionyealth

of evidence from other southern California coastaliaries shows much greater taxa richness compared
with Malibu Lagoon. Based on our evaluation of dhiserved taxa richness observed in other southern
California coastal estuaries, the total numbearétthat should be achieved in Malibu Lagoon is a
minimum of 35. This is the doubling of the averaaea richness observed over a 15 period time gerio
Based on the historical accounts for Malibu Lagand the detailed benthic invertebrate community
evaluations of other coastal estuaries in sout@atifornia, the minimum total number of taxa richaeas

set at 35 based on annual averages.

The biological response numeric targets for Maltvaek and Lagoon are directly linked to the
allocations and should be placed into the appleabgulatory mechanism (i.e., NPDES permit) in orde
to ensure that the benthic community conditioneeds the water quality objectives.

10.4. CRITICAL CONDITIONS AND SEASONALITY

TMDLs must include consideration of critical comoliits and seasonal variation to ensure protection of
the designated uses of the waterbody at all tinkes.Malibu Creek and Lagoon there are multiple
stressors related to biotic impairment that opevatéifferent time lines. Thus, there is no singiécal
condition for this TMDL.

For sedimentation, the critical period is the wirged spring storm events that provide the majarfity
sediment transport through the creek and into sheaey.

Critical conditions for nutrient-impaired streanscior during the warm summer months when water
temperatures are elevated and algal growth ragekigin. In Malibu Creek this means that nutrient
concentrations need to be controlled during themsengrowing season, although concentrations in the
other seasons are also of concern because therstmmpeand light availability is sufficient to supp

algal growth year round. In contrast, Malibu Laga® most sensitive to nutrient loads deliveredrdur
winter storms and stored within the estuary.

In sum, the biotic impairments in Malibu Creek diadjoon do not have a single critical period, whethe
defined on hydrology or season. Instead, it vélifmportant to control ambient nutrient conce ntnagi
under lower flow conditions (throughout the yeax)l autrient and sediment loading during winter-spri
high flow events.

10.5. MARGIN OF SAFETY

All TMDLs are required to include a Margin of SafdMOS) to account for uncertainty in the
understanding of the relationship between pollutistharges and water quality impacts. The Mao§in
Safety may be provided explicitly through an uredied reserve or implicitly through use of adedyate
conservative assumptions in the analysis.

For the Malibu TMDL an explicit MOS of 15 perceritloading capacity is assigned to the sedimentation
target.

For this TMDL an implicit MOS is also used. The DMtargets are believed to be conservative for
several reasons. Most notably, the stressor fiEiton process suggests that impaired benthi@bio
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both the stream and the estuary result from thebawad effects of multiple stressors rather thamfiamy
single stressor. This TMDL sets targets for indiial stressor sources (nutrients, sedimentation)
independently, rather than attempting to accounthfeir poorly understood cumulative impacts. Thus
achieving both the sedimentation and nutrient gsdikely to provide an implicit MOS.

In addition, the TMDL targets are conservative lnseathe primary endpoint measure of healthy benthic
biota — SC-IBI, which is the measure on which tinpairment designation was made - is not adjusted fo
the geologic conditions associated with the masa@iments of the Modelo formation. There is
uncertainty with the SC-IBI scores in minimallytidbed sites within the Modelo formation. This

TMDL conservatively assumed that sites within theddlo formation are similar in response to sites
outside of the Modelo formation. Lastly, this DM established lowered concentration based
allocations for TN and TP based on the more comasieesoption.
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11. Recommendations

Several programs are currently underway that wititabute towards implementation of these TMDLSs.
Some of these programs are described below alatigswiijgested monitoring.

11.1 MALIBU LAGOON RESTORATION PLAN

Historically utilized as a dumping site, the Malibagoon suffers from much malaise. Poor tidal fovd
circulation in the west has decrease dissolved exyevels to near zero, threatening fish and viddli
while harmful bacteria has flourished. Uncontrolied-off water into the Lagoon and proliferation of
foreign species threaten the livelihood of thewsaéinvironment and the entire ecosystem.

To improve the Lagoon’s diseased state, the Mdldgoon Restoration plan was accepted and approved,
despite much heated debate. The approved plaimgtiove the function of the Lagoon by re-contouring
the Western 12-acre section to lower bank slopgegrand alter channels for improved hydrologic
function and habitat diversity. In addition, thesEhagoon will be enhanced with an altered chatmel
provide for a new avian island and additional matdfiabitat. It will remove accumulated sediment and
replace non-native vegetation with appropriateveaspecies. For erosion control, measures wilakert

to prevent uncontrolled run-off and limit futuredgmentation within the Lagoon. A new underpass will

be constructed to improve riparian habitat accesthrof the Pacific Coast Highway. The new public
access trail will provide public educational infation about the Lagoon and its improvements as agell
the long-term monitoring plan.

In June 2012, Phase 1 of the 4-month project g my (it is scheduled for completion by Janualy 3
2013). Since then, crews have removed more thal®&0bic yards of trash and debris from the Lagoon
(Caskey, 2012). The wetlands and other construptieces were completed by October 31, with current
efforts dedicated to vegetation planting and a¢isth@prove ments.

As a result, USEPA believes that this restoratiforieof the Lagoon should significantly improvesth
Lagoon conditions for the benthic community by pdivg improved habitat conditions. The Lagoon
zones with anoxic conditions or limited tidal flusg) are being corrected, in addition to removingrite
and excess sediment that provided physical bdaidyenthic community development.

The critical piece is to ensure that the sedimedtrautrient loading from upstream sources are also
reduced and addressed to ensure that both thegimelnesource and the Watershed sources are removed.
Only by addressing both loads will the natural bentommunity be able to flourish. Consequently,
USEPA strongly recommends that the Regional Watelity Control Board work with local

stakeholders to identify effective and reasonablt Inanagement practices to control the watershed
source.

11.2 OWTS STATE PoLicy

Assembly Bill (AB) 885 required the SWRCB to deyzkeptic system regulations that treat and dispose
wastewater below ground. On June 19, 2012, the SBV&{dpted Resolution No. 2012-0032 (Water
Quality Control Policy for Siting, Design, Operatiaand Maintenance of Onsite Wastewater Treatment
Systems). This policy will become effective upowatibn by the Office of Administrative Law and will
require regulation and management of OWTS, basexdt@ned approach (SWRCB, 2012).
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11.3 NNE STATE PoLicy

USEPA acknowledges that SWRCB is developing awstdeepolicy for NNE. When the State policy on
NNE is complete and adopted, USEPA recommendghbatppropriate nutrient endpoint measures be
applied in Malibu Creek Watershed.
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